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PREFACE. 


This  translation  of  Classen's  work  has  been  made 
■with  a  view  of  presenting  to  the  American  student  of 
Chemistry  a  compact  and  thoroughly  useful  manual  of 
quantitative  analysis. 

The  aim  of  the  author  has  been  to  teach  this  subject 
by  means  of  examples — commencing  with  simple  deter- 
minations followed  by  separations,  including  quite  a 
number  of  important  alloys,  and  then  advancing  to  the 
analysis  of  minerals  and  such  products  as  are  met  with 
in  the  many  departments  of  applied  chemistry.  The 
methods  employed  in  the  various  determinations  and 
separations  are  such  as  can  be  used  at  all  times — care 
having  been  taken  to  exclude  all  that  have  but  a  very 
limited  use,  and  such  as  have  proved  on  trial  to  be 
devoid  of  practical  merit. 

This  work  has  been  adopted  as  a  text-book  in  the 
laboratories  of  almost  all  the  prominent  German  univer- 
sities and  polytechnic  schools,  and  has  taken  rank  by 
the  side  of  the  older  and  larger  works  on  the  same 
subject.  Among  practical  chemists,  too,  it  has  quite 
an  extensive  circulation.  In  France,  Russia,  and 
Poland,  where  translations  have  appeared,  it  has  been 
no  less  favorably  received  ;  and  in  this  country,  with 


{y  PREFACE. 

those  who  have  employed  the  work  in  the  original  as  a 
guide  in  laboratory  instruction,  it  has  become  quite 
popular  and  been  very  highly  commended. 

Here  and  there  throughout  the  work  the  translator 
has  taken  the  liberty  of  making  additions ;  these  are 
distinguished  from  the  original  text  by  being  inclosed 
in  brackets. 

To  all  who  kindly  furnished  suggestions  and  methods 
in  reply  to  letters  and  specimen  sheets  issued  more 
than  a  year  ago,  the  translator  would  return  his  sincere 
thanks. 

Laboratory  of  the  University  op  Pennsylvania, 
August,  1878. 
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QUANTITATIVE  ANALYSIS. 


Calcium  Carbonate. 

Calcite — Marble — CaCOg.  . 

Merely  tlie  estimation  of  the  calcium  will  be  here 
required.*  For  this  purpose  0.3-0.4  grm.  of  the  pulver- 
ized substance,  previously  di'ied  at  100°  C,  are  placed  in 
a  beaker  of  about  200  C.  C.  capacity,  and  solution  effected 
by  the  addition  of  dilute  hydrochloric  acid.  The  acid 
solution  is  largely  diluted  with  water,  and  to  this  ammo- 
nium hydrate  is  added  until  the  liquid  yields  an  alkaline 
reaction.  The  calcium  is  now  precipitated  as  oxalate. 
To  the  warm  solution  is  added  ammonium  oxalate  in 
moderate  excess,  and  the  beaker  then  put  in  a  warm  place 
until  the  precipitate  has  fully  subsided,  which  will  require 
at  least  twelve  hours.  After  filtering  off  the  calcium 
oxalate  wash  it  perfectly  with  hot  water,  and,  when  dry, 
convert  it  either  into  carbonate  or  oxide.  To  estimate 
the  calcium  as  carbonate  heat  the  bottom  of  the  crucible 
containing  the  oxalate  to  faint  redness  for  about  five 
minutes.  After  cooling  weigh,  and  then  moisten  the 
residue  with  a  few  drops  of  ammonium  carbonate  to  con- 
vert into  carbonate  any  caustic  lime  that  may  have  been 
produced.    This  operation  must  be  repeated  until  a  con- 

*  The  dcterminiition  of  carbon  dioxide  in  carbonates  will  be 
discussed  on  p.  ,33. 
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stant  weight  is  obtained.  For  the  conversion  of  the 
calcium  carbonate  into  oxide  ignition  over  a  blast  lamp 
is  all  that  is  necessary.  Constant  weight,  however,  must 
be  obtained.  Ignite  at  first  but  ten  minutes,  then  notice 
whether  upon  continued  heating  the  weight  diminishes. 
CaCOg  :  Ca  :  :  wt.  CaCOj  :  x  or 
CaO       :   Ca   :  :   wt.  CaO      :  x. 


Copper  Sulphate. 

CuSO,  -f  511,0. 

Copper  Determination.— F\r^t  method.   Dissolve  about 
1  o-rm.  of  the  above  salt  in  water,  and  bring  the  solution 
to  boiling  in  a  porcelain  dish.    Sodium  or  potassium  car- 
bonate il  now  added  in  slight  excess,  and  the  ebullition 
continued  for  some  time.    When  the  precipitate  has  sub- 
sided the  clear  supernatant  liquid  is  decanted,  and  hot 
water  poured  over  the  precipitate  and  this  again  boiled. 
This  operation  is  repeated  until  almost  all  the  alkali  pre- 
sent has  been  removed,  and  the  precipitate  then  transferred 
to  a  filter  and  washed  with  boiling  water.    Continue  the 
latter  operation  until  a  drop  of  the  filtrate  evaporated  upon 
platinum  foil  no  longer  leaves  a  residue.    After  drymg 
the  cupric  oxide  thus  obtained  separate  it  carefully  from 
the  filter  and  place  it  in  a  porcelain  crucible.    The  filter 
itself  is  incinerated  upon  the  crucible  lid.    The  crucible 
with  its  contents  is  ignited  over  an  ordinary  Bunsen  lamp 
until  the  weight  remains  constant. 

[Second  method.  After  dissolving  the  salt  in  water 
pass  hydrogen  sulphide  gas  through  the  acidulated  solu- 
tion. The  copper  is  precipitated  as  sulphide,  and,  after 
standing  a  short  time,  may  be  transferred  to  a  filter  and 
slightly  washed.  The  dry  precipitate  is  placed  m  a  pla- 
tinum crucible,  the  filter  ash  added,  and  then  upon  this 
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lire  pliiced  a  few  drops  of  concentrated  sulphuric  acid,  an 
equal  amount  of  water  and  a  smaU  portion  of  strong  nitric 
acid. 

The  crucible  is  gradually  heated  upon  a  hot  iron  plate 
and  the  excess  of  acid  evaporated,  leaving  finally  pure 
copper  sulphate,  which  may  be  weighed  as  such ;  or,  the 
crucible  is  heated  strongly  over  a  Bunsen  burner  and 
cupric  oxide  formed.  The  crucible  should  be  covered 
during  the  operation,  and  the  salt  stirred  from  time  to 
time  with  a  platinum  wire.  The  method  was  proposed 
by  Dr.  Genth,  and  affords  accurate  results.  The  amount 
of  copper  in  cupric  oxide  is  readily  calculated  from  the 
formula — 

CuO  :  Cu  :  :  wt.  CuO  :  x.'] 

Sulphuric  Acid  Determination.  — Thx^  is  based  upon 
the  insolubility  of  barium  sulphate  in  hot  water  and 
strongly  diluted  acids.  The  acid  in  this  compound  is  esti- 
mated by  dissolving  about  .5  grm.  of  the  salt  in  water, 
acidulating  the  solution  with  a  few  drops  of  hydrochloric 
acid  and  boiling.  Barium  chloride  is  added  as  long  as  a 
precipitate  of  barium  sulphate  is  formed,  and  the  solution 
boiled  and  stirred  for  some  time  after  complete  precipita- 
tion has  been  effected.  Proceed  as  above  described,  when 
the  barium  sulphate  has  settled,  washing  the  precipitate 
upon  the  filter  with  hot  water  until  silver  nitrate  produces 
no  turbidity  in  the  washings.  The  dried  precipitate  is 
treated  the  same  as  the  cupric  oxide.  The  barium  sul- 
phate obtained  in  this  manner  generally  contains  weigha- 
ble  quantities  of  barium  chloride — which  were  not  removed 
by  washing  ;  therefore  digest  the  weighed  precipitate  with 
dilute  hydrochloric  acid,  filter  through  a  small  filter,  and 
again  wash  the  precipitate  perfectly  with  hot  water,  by 
decantation,  ignite  and  weigh. 
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The  burium  sulphate  that  adlieres  to  the  filter  will  be 
reduced  upon  ignition  to  barium  sulphide,  and  render  the 
results  too  low.  This  may  be  avoided  if  the  precipitate, 
before  weighing,  be  evaporated  to  dryness  with  a  few 
drops  of  sulphuric  acid. 

Water  Veiermination — Copper  sulphate,  heated  some 
time  in  an  air-bath  at  120°  C,  loses  only  four  molecules 
of  its  water  of  crystallization.  To  expel  the  fifth  it  is 
necessary  to  increase  the  temperature  to  250°  C.  To  pre- 
vent the  anhydrous  salt  from  attracting  moisture,  it  is 
advisable  to  employ  a  well-closed  glass  tube  in  weighing 
the  substance.  The  difference  in  the  two  weighings  ex- 
presses the  amount  of  water  of  crystallization. 

Magnesium  Sulphate. 

Mgso,  -H  mp. 

For  the  estimation  of  the  magnesium  dissolve  1-1. ö 
gi-ms.  of  the  air-dried  salt  in  water,  and  add  sufficient 
ammonium  chloride  so  that  upon  the  addition  of  ammo- 
nium hydrate  magnesium  hydrate  may  not  be  thrown 
down  ;  add  now  to  this  solution  sodium-ammonium  phos- 
phate,* and  a  white  crystalline  precipitate  of  magnesium- 
ammonium  phosphate  will  be  produced. 

When  the  supernatant  liquid  has  become  clear,  filter 
and  wash  the  precipitate  Avith  a  mixture  of  1  part  ammo- 
nium hydrate  (.96  sp.  gr.)  and  3  parts  water,  until  the 
addition  of  nitric  acid  and  silver  nitrate  to  the  filtrate  does 
not  produce  a  precipitate  of  silver  chloride,  then  dry. 

*  If  we  have  employed  sodium  phosphate  for  the  precipita- 
tion, the  liquid  should  stand  at  least  twelve  hours,  so  that  the 
precipitate  may  separate  perfectly. 
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Place  the  dried  precipitate  in  a  porcelain  (irucible.* 
First  the  filter  should  be  carefully  removed  and  reduced 
to  ash  upon  the  crucible  lid.  Heat  the  crucible  gently 
and  gradually  increase  the  temperature  over  a  Bunsen 
lamp  until  constant  weight  is  obtained.  If  the  color  of 
the  precipitate  after  ignition  is  not  pure  white,  moisten  it 
with  a  drop  of  nitric  acid,  and  again  ignite.  The  residue 
is  magnesium  pyrophosphate.  The  amouQt  of  magnesium 
is  determined  from  the  equation — 

M- P,Oy  :  2Mg  :  :  wt.  Mg^Vfl,  :  x. 

To  estimate  the  sulphuric  acid  proceed  as  directed 
under  Copper  Sulphate.  The  amount  of  water  is  ascer- 
tained by  drying  a  weighed  portion  of  the  substance  at 
210°  C.  until  the  weight  is  constant. 

Barium  Chloride. 

BaCl,  +  2B.p. 

The  barium  is  determined  as  carbonate.  Dissolve  0.5 
grm.  substance  in  water,  add  ammonium  carbonate  in 
slight  excess,  and  digest  gently  for  some  hours  upon  a 
sand-bath.  Wash  the  precipitate  with  water  containing 
ammonium  hydrate,  dry,  and  ignite  gently  over  a  Bunsen 
lamp. 

The  barium  can  also  be  deteimined  as  sulphate  by  pre- 
cipitating the  solution  acidified  with  hydrochloi'ic  acid 
with  sulphuric  acid.  (See  the  determination  of  sulphuric 
acid  in  Copper  Sulphate.) 

Chlorine  Determination  Add  silver  nitrate  to  the 

warm  solution  of  the  substance  (previously  acidified  with 

*  It  is  not  advisable  to  employ  a  platinum  crucible,  because, 
V)y  an  incomplete  incineration  of  the  filter,  phosphoric  acid  will 
be  reduced,  and  probably  cause  an  injury  to  the  crucible. 

2* 
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nitric  acid),*  stir  the  liquid  continually  with  a  glass  rod, 
which  aids  in  uniting  the  particles  of  silver  chloride,  and 
the  supernatant  liquid  will  become  clear  much  sooner. 
Filter  and  wash  the  precipitate  with  hot  water  by  decan- 
tation  (until  no  silver  reaction  is  produced  in  the  filtrate)  ; 
finally,  bring  the  same  with  aid  of  a  feather  upon  the  filter. 
After  drying  separate  the  precipitate  as  Avell  as  possible 
from  the  filter,  and  place  it  in  a  porcelain  crucible.  The 
filter  should  be  ignited  alone  upon  the  inverted  cover  of 
the  crucible.    The  particles  of  silver  chloride  adhering  to 
the  filter  are  readily  reduced  in  this  operation  to  the  me- 
tallic state,  and  should  be  again  converted  into  silver 
chloride.    To  this  end  moisten  the  ash  when  cool  with  a 
few  drops  of  nitric  acid,  warm  gently,  and  add  a  drop  of 
hydrochloric  acid.    Evaporate  the  liquid  carefully,  place 
the  inverted  cover  on  the  crucible,  and  apply  heat  until 
the  contents  of  the  latter  begin  to  fuse.    Instead  of  fusing 
the  silver  chloride,  it  can  be  placed  on  a  filter  dried  at 
120°  C,  and  then  dried  at  the  same  temperature  until  the 
weio-ht  remains  constant.    As  silver  chloride  is  readily 
decomposed  by  direct  sunlight,  it  is  advisable  to  exclude 
this  as  much  as  possible  during  the  precipitation,  etc. 
AkCI   :   CI  :  :  wt.  AgCl  :  x. 
The  amount  of  water  in  the  salt  is  easily  determined  by 
glowing  a  weighed  portion  of  the  barium  chloride. 

Zinc  Sulphate. 

ZnSO,  +  7Hp. 

Determination  of  the  Zinc  as  Oxide.  — aqueous 
solution  of  the  substance  (about  1  grm.)  is  brought  to 

*  Never  acidify  the  hot  aqueous  solution  fii-st  with  nitric  aciil 
und  then  add  silver  nitrate,  because  hydrochloric  acid  will 
idways  be  volatilized. 
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ebullition  in  a  porcelain  dish,*  and  sodium  carbonate  add(Ml 
gradually  in  excess.  Continue  boiling  some  time  and  then 
mter  off  the  clear  liquid.  Pour  hot  water  upon  the  residue 
and  again  boil.  Repeat  this  operation  until  a  drop  of  the 
filtrate  leaves  no  residue  on  platinum  foil  when  evaporated 
to  dryness.  Dry  the  zinc  carbonate,  and,  having  incin- 
erated the  filter  upon  a  porcelain  lid,  convert  the  carbonate 
into  the  oxide  by  heating  the  porcelain  crucible  containing 
it  over  an  ordinary  lamp.f 

determination  as  Zinc  Sulphide  Add  ammonium 

nitratet  to  the  diluted  liquid,  then  a  few  drops  of  ammo- 
nium hydrate,  and  precipitate  the  zinc  from  its  solution 
while  warm  with  ammonium  sulphide.  The  supernatant 
liiiuid  should  not  be  filtered  off  until  the  zinc  sulphide  has 
fully  subsided,  which  will  be  hastened  by  standing  in  a 
warm  place.  Wash  the  precipitate  by  decantation  with 
water  containing  a  few  drops  of  ammonium  sulphide  and 
ammonium  nitrate.  To  weigh  the  zinc  sulphide  as  such 
it  must  be  ignited  in  a  stream  of  hydrogen  gas.  The 
apparatus  shown  in  P'^ig.  1  is  employed  for  the  purpose. 

The  hydrogen  gas  streaming  from  the  spherical  appa- 
ratus is  dried  by  passing  first  through  calcium  chloride  and 
then  through  sulphuric  acid.  To  prevent  explosions  a 
small  glass  tube  is  placed  between  the  crucible  and  sul- 
phuric acid  ;  it  contains  fine  wire  pressed  in  cotton 
(Fresenius).  The  dried  precipitate  (the  filter  having  been 


*  If  the  i)recipitation  occurs  in  glass  vessels,  or  a  porcelain 
dish  of  poor  quality,  the  zinc  carbonate  will  invariably  contain 
silicic  acid  and  alumina.  These  will  remain  behind  when  the 
precipitate  is  dissolved  in  hydrochloric  acid,  and  the  liquid  super- 
saturated with  ammoniuni  hydrate. 

f  Always  examine  the  zinc  oxide  for  alumina  and  silicic  acid, 
and  deduct  the  same. 

I  The  addition  of  ammoniuni  nitrate  hastens  the  precipitation 

of  the  zinc  sulphide. 
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incinerated  on  a  platinum  wire)  is  placed  in  an  unglazed 
porcelain  crucible  (Rose's  crucible),  mixed  with  powdered 
sulphur,  and  covered  with  a  perforated  porcelain  lid,* 
through  which  a  narrow  tube  passes,  conducting  hydrogen 
gas  into  the  crucible  during  the  ignition  over  an  ordinary 
lamp.  Heat  of  course  must  not  be  applied  until  all  the 
air  has  been  expelled  from  the  ajjpai-atus  and  crucible. 


*  Rose  suggests  a  platinum  cover.  This  is  not  to  be  recom- 
mended, because  the  hydrogen  gas  generally  employed  in  this 
operation  contains  hydrogen  arsenide,  which  would  in  a  very 
short  pcrio.l  atta'.'k  tlie  platimnn  and  render  it  uscli'ss. 


MANOANOUS  CITI.OIUDE.  -ii 

After  ignition  ibr  5-10  nn.nites,  allow  the  crucible  to  cool 
in  a  stream  of  liyilrogen  gas. 

For  the  determination  of  the  water  of  crystallization, 
heat  a  weighed  portion  of  zinc  sulphate  at  220°  C.  until 
the  weight  remains  constant. 

The  sulphuric  acid  is  determined  as  directed  on  p.  15. 


Manganous  Chloride. 

MnCl,  +  4H,0. 

Determination  of  the  Manganese  as  Protosesquioxide. — 
Precipitate  the  hot  aqueous  solution  of  the  salt  (1  grm.) 
contained  in  a  porcelain  or  platinum  dish  with  an  excess  of 
sodium  carhonate,  and  treat  the  precipitate  of  manganese 
carbonate  in  a  manner  similar  to  that  described  above  in 
the  determination  of  zinc.    The  filtrate  invariably  holds 
in  solution  minute  traces  of  manganese  carbonate.  For 
the  separation  of  these,  evaporate  the  solution  to  dryness 
in  either  a  platinum  or  porcelain  dish.    Boil  the  residue 
with  water,  and  bring  the  slight  precipitate  of  manganese 
protosesquioxide  upon  a  separate  filter.    Both  precipitates 
when  dried  are  placed  into  a  platinum  crucible  and  ig- 
nited Avith  free  access  of  air,  whereby  the  manganous 
carbonate  is  converted  into  manganese  protosesquioxide. 
As  free  alkali  almost  invariably  adheres  to  the  first,  it  is 
well  to  wash  the  ignited  residue  with  hot  water.  The 
aqueous  solution  is  passed  through  a  small  filter,  which  is 
dried  and  incinerated,  and  added  to  the  portion  contained 
in  the  crucible. 

Determination  as  Manganese  Sulphide — The  precipi- 
tation like  that  of  zinc  is  efiected  by  ammonium  sulphide. 
Instead  of  adding  ammonium  nitrate  to  the  solution,  w^e 
can  use  the  chloride,  and  wash  the  manganese  sulphide 
with  water  containing  ammonium  chloride  and  ammonium 


22 


COBALTOUS  CHLORIDE. 


sulpliide.  The  manganese  sulphide  mixed  witli  siil[)hui' 
must  be  ignited  over  a  bhist  lamp  in  a  stream  of  hydrogen 
gas,  as  it  retains  some  of  the  sulphur  very  readily.  It  is 
also  absolutely  necessary  to  allow  the  manganese  sulphide 
to  cool  in  a  stream  of  hydrogen  gas,  because,  if  exposed  to 
tlie  air  while  warm,  it  will  be  readily  oxidized. 

To  estimate  the  chlorine  present,  precipitate  a  solution 
of  the  salt  (0.5-1  grm.)  with  a  solution  of  silver  nitrate, 
and  proceed  as  directed  above  under  Barium  Chloride,  etc. 

Estimate  the  water  by  drying  a  weighed  portion  of  the 
substance  at  150°  C.  until  the  weight  becomes  constant. 

Oobaltous  Chloride. 

CoCl,  +  2H,0. 

Determinatioyi  of  theCohalt  as  Metal. — The  aqueous  solu- 
tion of  the  salt  (1  grm.)  is  placed  either  in  a  porcelain* 
or  platinum  dish,  and  bi'ought  to  boiling.  Add  sodium 
hydrate  in  slight  excess,  and  continue  boiling  until  the 
hydrate  of  cobalt  has  assumed  a  brownish-black  color. 
When  the  precipitate  has  fully  subsided,  filter  off  the  clear 
fluid,  and  wash  by  decantation  with  hot  water  until  the 
presence  of  alkali  can  no  longer  be  detected  in  the  fil- 
trate. 

The  cobalt  oxide  is  convei-ted  into  metallic  cobalt  by 
ignition  in  a  stream  of  hydrogen  gas.    (See  p.  20.) 

The  last  traces  of  alkali  that  may  adhere  to  it  are  re- 
moved by  washing  with  hot  water.  The  residue  is  again 
ignited  in  a  stream  of  hydrogen  gas. 

Determination  as  the  Nitrite  of  the  Sesquioxide  of 

Cobalt  and  Potassium  Mix  the  concentrated  solution  of 

the  salt  with  an  excess  of  sodium  or  potassium  hydrate  ; 


*  A  glass  A'essel  must  not  be  used  here. 


NICKEL  SULPHATE— FERROUS  SULniATE. 
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add  sufficient  acetic  acid  to  redissolve  the  precipitate  that 
may  be  at  first  produced  by  these  reagents,  and  then  mix 
in  a  concentrated  sohition  of  potassium  nitrite  acidified 
Avith  acetic  acid,  and  allow  the  whole  to  stand  at  least 
twenty-four  hours.  The  nitrite  of  cobalt  and  potassium 
is  washed  with  a  solution  of  one  part  potassium  acetate  in 
nine  parts  of  water,  to  which  some  potassium  nitrite  has 
been  added.  Finally  dissolve  the  precipitate  in  hydro- 
chloric acid,  and  precipitate  the  cobalt  from  this  solution 
with  potassium  hydrate,  and  proceed  as  directed  above. 

The  chlorine  is  determined  as  mentioned  under  Barium 
Chloride,  and  the  water  estimated  by  drying  the  salt  at 
150°  C. 

Nickel  Sulphate. 

NiSO,  +  7H,0. 

For  the  determination  of  the  nickel  proceed  as  directed 
above  in  the  estimation  of  cobalt.  The  nickel  hydrate 
is  washed  by  decantation  with  hot  water,  and,  after  dry- 
ing, ignited  in  a  stream  of  hydrogen  gas,  and  then  weighed. 
The  nickel  thus  obtained  must  be  examined  for  alkali,  and 
finally  repeatedly  washed  with  hot  water  (see  Cobalt 
Chloi-ide,  p.  22).  The  sulphuric  acid  is  determined  as 
sulphate  of  barium. 

Nickel  sulphate  dried  at  103°  C.  loses  six  molecules 
of  water,  but  the  seventh  escapes  first  at  a  temperature  of 
280°  C. 

Ferrous  Sulphate. 

FeSO,  -f  7H,0. 

Determination  of  the  Ferrous  Oxide.—By  boiling  the 
aqueous  solution  of  the  air-dried  salt  (1  grm.)  with  nitric 
acid,  the  ferrous  will  be  changed  to  fen'ic  oxide,  and  the 
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conversion  indicated  by  the  yellow  color  of  tlie  liquid  ; 
add  ammonium  hydrate  in  slight  excess,  and  allow  tlie 
precipitate  of  ferric  hydrated  oxide  to  subside.  Philter, 
wash  with  hot  water  by  decantation,  dry,  and  ignite  in  a 
platinum  or  porcelain  crucible,  placed  over  an  ordinary 
lam[).  The  filter  should  have  previously  been  removed  as 
well  as  possible  from  the  precipitate,  and  incinerated  upon 
a  platinum  wire. 

Sulphuric  Acid  Determination  This  is  determined  in 

the  filtrate  from  the  ferric  hydrate,  by  acidifying  the  solu- 
tion with  hydrochloric  acid,  and  precipitating  the  boiling 
liquid  with  barium  chloride.  The  bai'ium  sulphate  is 
treated  as  described  in  the  analysis  of  Copper  Sulphate. 

Water  Determination  The  water  of  ciystallization 

contained  in  ferrous  sulphate  cannot  be  estimated  by  heat- 
ing a  weighed  portion  in  a  crucible  at  a  fixed  temperature, 
because  the  ferrous  salt  gradually  passes  into  the  ferric 
state.  The  drying,  therefore,  must  be  effected  with  ex- 
clusion of  air.  For  this  purpose,  take  a  small  flask  of 
difficultly  fusible  glass  (this  flask  may  be  readily  made  by 
blowing  a  bulb  on  the  end  of  a  piece  of  difficultly  fusible 
glass-tubing),  introduce  the  substance  (0.5  grm.)  and 
weigh.  The  neck  of  the  flask,  about  2.  cm.  from  the 
bulb,  is  drawn  out  and  bent  so  as  to  make  the  whole 
represent  a  small  retort.  Now  apply  heat  to  the  vessel 
to  expel  tlie  water  from  its  neck  (ferrous  sulphate  loses  its 
water  of  crystallization  at  280°  C).  Wlien  aqueous 
vapors  are  no  longer  produced,  and  the  retort  still  hot,  seal 
the  tube,  and  allow  the  apparatus  to  cool.  After  cooling, 
the  point  of  the  tube  is  broken  off,  and  it  together  with  the 
retort  again  weighed.* 


*  For  the  direct  method  of  determining  the  water,  see  p.  .36. 
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Sodium  Phosphate. 

Na..HPO^+  \  2B.p. 

Determination  of  the  Phosphoric  Acid  as  Magnesiitm 
Pyrophosphate.  I.  Direct  Estimation.  —  Dissolve  0.5 
grm.  of  the  crystallized,  air-dried  salt  in  about  100  C.  C. 
of  water,  mixing  with  it  10  C.  C.  of  magnesium  chloride 
solution,  which  contains  in  a  litre  101.5  grms.  crystallized 
magnesium  chloride,  200  grms.  ammonium  chloride,  and 
400  grms.  ammonium  hydrate  (0.96  sp.  gr.).*  After  the 
solution  has  stood  from  three  to  four  hours,t  filter  off"  the 
precipitate  of  ammonium -magnesium  phosphate,  J  and 
wash  it  with  a  mixture  of  one  part  ammonium  hydrate 
(0.96  sp.  gr.)  and  three  parts  water.  Continue  washing 
until  the  addition  of  nitric  acid  and  silver  nitrate  produces 
no  cloudiness.  Dry  and  transfer  the  pi-ecipitate,  can-efully 
separated  from  the  filter,  to  a  porcelain  crucible.  The 
filter  should  be  incinerated  upon  the  inverted  crucible  lid. 
The  heating  of  the  crucible  should  at  first  be  gentle,  in- 
creasing gradually. 

II.  Indirect  Determination — Mix  the  solution  of  the 
substance  (0.2  grm.)  in  about  50  C.  C.  of  water,  witli  about 
10  C.  C.  molybdenum  solution  ;§  and  to  render  the  preci- 

*  1000  C.C.  of  this  solution  precipitates  35.5grms.  phosphoric 
acid. 

f  If  the  phosphoric  acid  solution  is  more  dilute,  and  there  is 
less  than  .01  grm.  phosphoric  acid  in  100  C.C,  a  much  longer 
period  than  this  is  recpired  for  the  complete  separation  of  the 
precipitate. 

X  The  precipitate  is  not  totally  insoluble  in  water  containing 
ammonium  hydrate.  Instead  of  washing  a  long  time,  use  an 
exhaust-pump  in  filtering. 

§  The  molybdenum  solution  is  prepared  by  dissolving  150 
grms.  ammonium  molybdate  in  1  litre  of  water.  This  solution 
3 
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pitation  of  the  phosphoric  acid  complete,  digest  the  wliole 
from  four  to  six  hours  at  a  temperature  of  50°  C.  After 
cooling,  the  precipitate  of  ammonium-molybdenum  phos- 
phate is  filtered  and  washed,  either  with  a  molybdenum 
solution  (1 : 3)  or  with  ammonium  nitrate  solution,  acidified 
with  nitric  acid  (15  grms.  salt  in  100  C.C.  water),  and  dis- 
solved upon  the  filter  in  the  least  possible  quantity  of  am- 
monium hydrate  (1  part  ammonium  hydrate  to  3  parts 
water).  Now,  mix  hydrochloric  acid  Avith  the  ammo- 
niacal  solution  until  the  precipitate  that  was  produced  is 
gradually  redissolved— the  liquid  is,  however,  alkaline, — 
and  after  cooling,  precipitate  with  magnesium  chloride. 
The  ammonium-magnesium  phosphate,  as  thus  obtained, 
very  frequently  has  molybdic  acid  adhering  to  it ;  to  re- 
move this,  redissolve  and  reprecipitate  the  magnesium. 

Sodium  Determination — To  estimate  the  sodium  di- 
rectly, the  phosphoric  acid  must  first  be  removed.  Mix 
the  aqueous  solution  of  the  salt  (about  0.5  grm.)  with  lead 
acetate,  as  long  as  a  precipitate  of  lead  phosphate  is  pro- 
duced. Filter  off  the  precipitate  and  wash  it  with  water. 
The  excess  of  lead  can  be  thrown  down  by  hydrogen  sul- 
phide. The  filtrate  from  the  lead  sulphide  should  be  eva- 
porated to  dryness  with  hydrochloric  acid,  the  residue  will 
contain  all  the  sodium  as  chloride  of  sodium.  Use  a  por- 
celain dish  for  the  evaporation.  Dissolve  the  residue  in 
a  small  quantity  of  water,  bring  it  into  a  platinum  cruci- 
ble, and  again  evaporate.  The  chloride  of  sodium  remain- 
ing should  be  ignited  very  gently,  in  a  small,  well-closed 

is  poured  into  1  litre  of  pure  nitric  acid,  of  commercial  concen- 
tration. 100  C.  C.  of  the  latter  solution  correspond  to  0.1  grm. 
phosphoric  acid.  The  concentration  of  the  phosphoric  acid 
solution  is  so  arranged  that  0.1-0.2  grm.  are  contained  in  50- 
100  C.C.  of  the  liquid. 
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crucible.  Before  ignition  the  salt  should  be  dried  in  un 
air-bath,  at  about  110°  C,  preventing  thus  any  loss  by 
decrepitation. 

As  sodium  chloride  is  volatilized  by  a  strong  red  heat, 
care  should  be  taken  to  regulate  the  temperature  so  that 
the  bottom  of  the  crucible  is  only  of  a  faint  red  color. 

Water  Determination — Drying  the  salt  at  300°  C,  it 
loses  12  molecules  of  water.  If  the  residue  is  ignited,  it 
will  be  converted  into  sodium  pyrophosphate. 

Separation  of  Barium  from  Calcium. 

For  analysis  a  mixture  of  the  carbonates  may  be  em- 
ployed. 

[ First  Method  Dr.  Frerichs  proposes  the  following 

course,  and  I  have  found  it  to  yield  very  satisfactory  results. 

A  mixture  of  the  neutral  salts  is  treated  with  sodium 
acetate  and  acetic  acid,  and  to  this  is  added  a  neutral 
solution  of  potassium  Chromate,  until  the  liquid  above  the 
precipitate  appears  yellow.  After  several  hours'  standing, 
collect  the  precipitate  upon  a  filter,  wash  with  acetic  acid 
and  dry.  The  dried  barium  Chromate  is  separated  very 
carefully  from  the  filter,  placed  in  a  porcelain  crucible,  the 
ash  added,  and  then  heated,  either  upon  a  warm  iron  plate 
or  over  a  small  gas  flame. 

In  the  filtrate,  from  the  barium  Chromate  the  calcium 
may  be  precipitated  with  an  excess  of  ammonium  hydrate 
and  ammonium  carbonate.  The  calcium  carbonate,  after 
being  thoroughly  washed,  is  dried  and  ignited,  together 
with  the  filter,  in  a  platinum  crucible.  By  ignition  it  is 
converted  into  oxide.] 

Second  Method  The   separation  according  to  this 

method  is  based  upon  the  decomposition  of  calcium  sul- 
phate by  ammonium  carbonate.    The  hydrochloric  acid 
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solution  of  the  bases  is  evaporated  to  dryness  with  addi- 
tion of  sulphuric  acid  (avoid  an  excess).  Expel  all  the 
free  acid  by  ignition,  and  digest  the  residue  with  a  con- 
centrated solution  of  ammonium  carbonate  containing 
ammonium  hydrate. 

After  four  or  five  hours'  treatment,  the  calcium  sulphate 
will  have  been  converted  into  the  carbonate  (the  decom- 
position is  hastened  by  frequent  stirring  of  the  liquid), 
while  the  barium  remains  unaffected.  Filter,  wash  the 
precipitate  with  a  solution  of  ammonium  carbonate,  and 
then  with  water,  until  the  presence  of  sulphuric  acid  can 
no  longer  be  detected.  Dissolve  the  calcium  carbonate  in 
dilute  hydrochloric  acid,  and  precipitate  the  calcium  from 
this  solution  as  oxalate  (p.  13).  Weigh  the  insoluble 
barium  sulphate  as  such.  (See  Sulphuric  Acid  Determi- 
nation, p.  15.) 

Separation  of  Strontium  from  Calcium. 

Tlie  separation  of  these  bases  is  founded  upon  the  dif- 
ferent deportment  of  their  nitrates  with  absolute  alcohol. 
Evaporate  their  hydrochloric  acid  solution,  with  addition 
of  nitric  acid,  to  di-yness  upon  a  water-bath.  Digest  the 
residue  with  nitric  acid  and  again  evaporate  to  expel  all 
the  hydrochloric  acid.  Pour  absolute  alcohol  (or  better, 
a  mixture  of  equal  parts  alcohol  and  ether)  over  the 
nitrates,  and  shake  repeatedly.  Calcium  nitrate  is  dis- 
solved. Filter  off  the  strontium  nitrate,  convert  it  into 
the  sulphate  by  evaporation  with  dilute  sulphuric  acid, 
and  weigh  as  such.  Remove  the  alcohol  and  ether  from 
the  solution  containing  the  calcium  and  determine  the 
latter  as  oxalate. 


LEAP  CIiaOMATE. 
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Separation  of  Barium,  Strontium,  Calcium, 
and  Magnesium. 

The  magnesium  is  separated  from  the  alkaline  eartlis 
by  evaporating  their  solution  to  dryness  and  digesting  the 
residue  with  slrong  alcohol,  adding  sulphuric  acid  drop  by 
drop  in  slight  excess.  The  sulphates  of  barium,  strontium , 
and  calcium  will  be  precipitated,  while  magnesium  sulphate 
remains  in  solution.  After  the  precipitate  has  subsided, 
filter  and  wash,  at  first  with  absolute  alcohol,  and  then 
with  alcohol  of  30  to  40  per  cent.,  to  remove  traces  of 
magnesium  sulphate  that  may  have  been  precipitated 
together  with  the  others.  The  filtrate  from  the  insoluble 
sulphates  is  boiled  to  expel  the  alcohol,  and,  after  adding 
ammonium  hydrate  in  excess,  the  magnesium  is  precipi- 
tated as  ammonium-magnesium  phosphate  (see  p.  IG). 
The  separation  of  the  alkaline  earths  depends  upon  their 
different  deportment  with  ammonium  carbonate.  The 
sulphates  of  strontium  and  calcium  are  converted  into 
carbonates,  while  the  barium  sulphate  remains  undecom- 
posed. 

Pour  over  the  mixed  sulphates  a  concentrated  solution 
of  ammonium  carbonate  containing  ammonium  hydrate, 
and  stir  the  same  frequently.  After  standing  six  hours, 
filter  and  wash  the  precipitate  w^ith  a  dilute  solution  of 
ammonium  carbonate  and  water.  Treat  the  precipitate 
with  hydrochloric  acid,  weigh  the  insoluble  residue  of 
barium  sulphate  as  sucli,  and  separate  the  chlorides  of 
calcium  and  strontium  as  directed,  p.  28. 

Lead  Chromate. 

PbCrO,. 

Pulverize  the  substance  (0.5  grm.)  and  dry  at  100°  C. ; 
then  digest  with  strong  fuming  hydrochloric  acid  until 

3* 
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perfect  decomposition  has  taken  place,  after  which  the 
excess  of  acid  should  be  evaporated.  We  thus  have  the 
lead  converted  into  the  chloride  and  the  chromic  acid  re- 
duced to  chromium  chloride.  Alcohol  should  be  added  to 
the  cold  solution  to  render  the  precipitation  of  the  lead 
chloride  complete,  after  which  it  is  brought  upon  a  weighed 
filter  and  dried  at  100°  C.  The  washing  should  be  with 
alcohol,  and  the  precipitate  dried  at  100°  C.  until  constant 
Aveight  is  obtained. 

In  the  filtrate  from  the  lead  chloride  determine  the 
chromium  as  the  hydrated  oxide.  Bring  the  solution*  in 
a  platinum  dish  to  boiling  to  expel  the  alcohol,  tlien  add 
ammonium  hydrate  in  slight  excess.  Chromic  hydrate  is 
soluble  to  a  slight  extent  (with  a  red  coloration)  in  an 
excess  of  ammonium  hydrate,  therefore  continue  boiling 
until  the  supernatant  liquid  becomes  perfectly  colorless. 
The  precipitate  is  thoroughly  washed  by  decantation  with 
hot  water.  Dry  and  ignite,  together  with  the  filter,  in  a 
platinum  crucible. 

Lead  and  chromium  may  be  separated  by  precipitating 
the  former  as  sulphide  from  an  hydrochloric  acid  solution. 
Add  a  sufficient  quantity  of  hot  water  to  the  solution  of 
the  substance  to  redissolve  all  the  lead  chloride  that  may 
have  separated  out,  and  then  conduct  a  stream  of  hydrogen 
sulphide  gas  into  the  solution.!  Filter  off  the  precipitate 
and  wash  it  with  water  containing  hydrogen  sulphide  gas. 


*  According  to  the  investigations  of  Souchay,  this  jjrecipita- 
tion  should  not  occur  in  glass  vessels,  as  the  ammonium  liydrate 
attacks  the  latter,  and  consequently  constituents  of  the  glass  are 
invariably  contained  in  the  precipitate. 

•\  Lead  is  only  completely  precipitated  as  sulphide  from  a 
liydrochloric  acid  solution  when  the  latter  is  very  dilute  and 
tlie  passage  of  hydrogen  sulphide  through  the  liquid  has  been 
continued  for  some  time. 


POTASSIUM   B  I C 1 1 11 0  M  A  T  E  —  DOLOMIT  K . 

Ignite  (after  adding  flowers  of  sulphur)  in  a  strcai 
hydrogen  gas,  and  weigh*  (see  p.  20). 

Determine  the  chromium  in  the  fiU rate  from  the  leu 
above  directed. 


Potassium  Bichromate. 

K,Cr,0,. 

Heat  the  salt  gently  until  it  begins  to  melt,  and  then 
dissolve  about  0.5  grm.  of  the  same  in  water.  Add 
hydrochloric  acid  and  alcohol,  and  boil  until  the  liquid 
assumes  an  intense  green  color.  The  solution  contains 
the  chlorides  of  potassium  and  chromium.  Precipitate 
the  chromium  from  this  solution  with  ammonium  hydrate. 
Evaporate  the  bulk  of  the  liquid  in  a  porcelain  dish,  then 
transfer  it  to  a  platinum  crucible  and  volatilize  the  am- 
monium cldoride.  Ignite  the  residue  of  potassium  chloride 
in  a  well-covered  crucible.  The  bottom  of  the  crucible 
only  should  glow  faintly. 


Dolomite. 


Composition  Carbonates  of  magnesium  and  calcium, 

with  generally  small  quantities  of  ferrous  carbonate, 
aluminum,  and  silicic  acid. 

Pulverize  the  substance  and  dry  it  at  100°  C.  Deter- 
mine the  oxides  by  dissolving  1-1.5  grms.  of  the  substance 
in  hydrochloric  acid  in  a  porcelain  dish.  Boil  the  solution 
to  expel  the  carbon  dioxide,  then  evaporate  the  liquid  to 

*  Stron"-  io-nition  will  cause  the  volatilization  of  lead  sulphide. 
Care  must  be  taken  not  to  allow  the  bottom  of  the  crucible  to 
have  more  than  a  faint  red  glow.  (See  Journal  für  prakt. 
Chemie,  96,  257.) 
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dryness  on  a  water-batli.  Heat  the  residue  for  some  time 
in  an  air-bath  at  120°  C.  to  effect  perfect  separation  of  the 
silicic  acid  and  undecomposed  material  that  may  be  pre- 
sent. After  cooling  moisten  with  hydrochloric  acid,  heat 
the  disli  gently  upon  a  sand-bath,  and  dilute  with  water. 
The  silicic  acid  that  may  have  separated  out  is  filtered  off, 
washed  with  hot  water,  dried,  and  weighed.  The  filtrate 
from  the  silicic  acid  is  boiled  with  a  few  drops  of  nitric 
acid  to  convert  the  ferrous  into  ferric  compounds,  which 
is  easily  noticed  by  the  deep  yellow  color  imparted  to  the 
liquid,  ammonium  hydrate  added  in  slight  excess,  and  the 
solution  stiri-ed.  Filter  off  the  precipitate  consisting  of  the 
oxides  of  iron  and  aluminum,  excluding  the  air  as  much 
as  possible.  The  precipitate,  after  washing  with  hot 
water  and  dissolving  in  warm  dilute  hydrochloric  acid,  is 
again  precipitated  with  ammonium  hydrate.*  The  am- 
monium hydrate  precipitate  is  generally  so  small  that  the 
oxides  are  dried,  ignited,  and  weighed  together.  For 
their  separation  proceed  as  described  under  Chromite. 

The  calcium  in  the  filtrate  from  the  above  precipitate  is 
thrown  down  as  oxalate,  and  this  then  converted  either 
into  the  corresponding  carbonate  or  oxide  (see  p.  13). 
As  some  magnesium  oxalate  is  invariably  precipitated 
along  with  the  calcium,  the  precipitate  in  all  accurate 
analyses  should  be  redissolved  and  the  precipitation  re- 
peated. To  this  end  add  ammonium  hydrate  in  slight 
excess  to  the  solution,  and  also  a  small  quantity  of  am- 
monium oxalate.  Unite  the  filtrates,  and  when  necessary 
concentrate  the  liquid  by  evaporation — precipitating  the 
magnesium  from  the  cold  solution  by  adding  ammonium- 
sodium  phosphate.  The  further  treatment  of  this  pre- 
cipitate has  been  already  described  (p.  17). 


*  A  second  precipitation  is  necessary  because  the  first  pre- 
cipitate always  contains  calcium  and  magnesium. 
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[Another  method,  proposed  und  recommended  by  Di-. 
Genth  for  the  scpanition  of  calcium  and  magnesium  from 
the  other  constituents  of  dolomite  and  limestones,  is  the 
following : — 

A  weighed  portion  of  the  powdered  and  dried  sub- 
stance is^placed  in  a  platinum  crucible  and  then  very 
strongly  ignited.  The  cooled  mass,  consisting  of  calcium 
and  magnesium,  together  with  the  other  oxides,  is  digested 
for  some  time  with  a  small  quantity  of  a  rather  concen- 
trated ammonium  chloride  solution.  Tiie  calcium  and 
magnesium  oxides  are  dissolved,  and  may  be  separated  in 
the°usual  manner  in  the  filtrate.  The  insoluble  residue  is 
treated  with  hydrochloric  acid  and  the  above  course  pur- 
sued.] 

Carbon  Dioxide  Determination  (Direct).— The  esti- 
mation is  effected  by  the  method  originally  described  by 
Kolbe,  but  more  recently  modified  by  Fresenius,  viz.,  by 
the  increase  in  weight  of  a  tube  filled  with  soda-lime. 
The  apparatus  described  by  Fresenius  is  composed  of  the 
following  parts  (see  Fig.  2)  : — 

The  flask  K,  of  from  200  to  300  C.C.  capacity,  serving 
for  the  decomposition  of  the  substance,  is  closed  by  a 
doubly  perforated  caoutchouc  cork.  The  one  perforation 
holds  the  safety-tube  a,  the  other  the  bulb-tube  h.  The 
safety-tube  is  divided  at  a,  and  connected  by  means  of  a 
gum  tube  to  the  funnel  c.  By  the  aid  of  the  pinch-cock 
0,  we  can  not  only  regulate  the  acid  supply,  but  also,  after 
finishing  the  experiment,  connect  the  tube  with  the  soda- 
lime  tube  rf,  and  the  small  flask  e,  containing  potassium 
hydrate.  The  bulb-tube  h,  serving  for  the  condensation 
of  steam  mechanically  carried  over,  is  cut  obliquely  at  the 
lower  end.  To  free  the  carbon  dioxide  from  steam  and 
hydrochloric  acid,  three  U-tubes,  about  17  cm.  long  and  IG 
ram.  wide,  are  placed  before  the  generating  flask.  Of 
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these  the  first  tube,/,  is  filled  only  at  the  bend,  while  g  is 
perfectly  filled  with  pieces  of  calcium  chloride.    The  tube 


h  serves  solely  for  the  absorption  of  hydrochloric  acid 
carried  over  during  the  operation,  and  is  filled  with  pieces 
of  pumice  stone,  previously  boiled  with  copper  sul- 
phate and  then  dried  at  250°-300°  C.  in  an  air-bath. 
Connected  with  h  there  is  also  the  tube  filled  with  cal- 
cium chloride  ;  and  joined  to  the  latter  are  two  tubes,  k 
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and  I,  11  cm.  long  and  12  mm.  wide  respectively,  which 
are  filled  f  of  their  length  witli  coarse  soda-linie,  and  tlie 
extreme  end  with  calcium  chloride.  To  prevent  tlie 
entrance  of  carbon  dioxide  and  steam  from  without,  thus 
altering  tlie  weight  of  these  tubes,  there  is  attached  to 
them  the  tube  w,  which  has  the  same  dimensions  as  the 
absorption-tubes,  and  is  filled  in  the  limb  adjoining  these 
tubes  with  calcium  chloride,  while  the  outer  limb  contains 
soda-lime. 

To  enable  the  operator  to  have  better  control  over  the 
course  of  the  decomposition,  it  is  advisable  to  add  the 
tube  n,  both  limbs  of  which  are  partly  filled  with  water. 

The  calcium  chloride  should  be  previously  tested,  be- 
cause it  is  capable  of  absorbing  carbon  dioxide  when  not 
pure. 

Havina;  w^eighed  both  absorption-tubes,  h  and  I,  and 
brought  the  weighed  substance  (2-3  grms.)  into  the  flask 
K,  be  satisfied,  first  of  all,  that  the  connections  of  the 
entire  apparatus  are  tight.  Unite  all  the  parts,  close  the 
pinch-cock  o,  and,  with  the  aid  of  an  aspirator  or  air- 
pump,  rarefy  the  air  in  the  apparatus  by  sucking  upon  the 
gum  tube  p.  When  all  the  parts  fit  closely  and  properly, 
the  passage  of  air  through  n  continues  but  a  short  time. 
Open  the  pinch-cock  o,  pour  water  in  the  flask,  close 
0  again,  and  fill  the  upper  funnel  tube  with  dilute  hy- 
drochloric acid,  allowing,  by  partly  opening  the  pinch- 
cock,  the  acid  to  gradually  enter  the  flask.  When  the 
action  of  the  acid  upon  the  substance  ceases,  remove  the 
funnel  c,  join  the  funnel -tube  a  with  the  tube  and  the 
flask  e,  and  draw  a  slow  current  of  air  through  the  appa- 
ratus. In  the  mean  time,  bring  the  contents  of  the  flask 
to  boiling,  which  will  expel  the  carbon  dioxide,  and  the 
latter  will  be  carried  by  the  current  of  air  into  the  absorp- 
tion apparatus.    When  cool,  weigh  the  tubes  k  and  I: 
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their  increase  in  weight  expresses  the  amount  of  carbon 
dioxide  present. 

Orig.  sub.  :  CO^  found  :  :  100  :  x. 

Shoukl  the  dolomite  dried  at  100°  C.  lose  more  water 
at  an  increased  temperature,  this  cannot  be  estimated  by- 
igniting  a  weighed  quantity  of  substance  gently  and  con- 
sidering the  difference  in  weight  as  representing  the  water. 
The  carbon  dioxide  present  would  also  be  expelled,  and, 
further,  the  ferrous  oxide  that  existed  in  the  mineral  would 
pass  into  the  ferric  state.  Under  these  circumstances,  the 
water  is  best  determined  by  direct  weighing.  Take  a 
tube  of  difficultly  fusible  glass  about  30  cm.  long  and  12 
mm.  wide,  and  seal  the  one  end.  Into  this  introduce,  to 
\  its  length,  gently  ignited  lead  carbonate,  then  the  mix- 
ture of  the  latter  substance  with  the  dolomite,  and  finally, 
more  lead  carbonate.  The  tube  should  be  tapped  upon  a 
table  to  produce  a  channel,  and  the  open  end  then  closed 
with  either  a  dry  perforated  gum  or  ordinary  cork,  into 
which  has  been  fitted  a  weighed  calcium  chloride  tube. 
The  tube  containing  the  mixture  of  lead  and  dolomite  is 
placed  upon  a  combustion-oven  and  heated  its  entire 
length,  commencing  with  the  layer  of  lead  cai-bonate,  and 
gradually  advancing  to  the  end. 

Should  any  water  collect  in  that  portion  of  the  tube 
extending  beyond  the  oven,  it  can  readily  be  driven  into 
the  calcium  chloride  tube  with  the  aid  of  a  small  lamp. 
When  the  substance  has  been  completely  decomposed,  the 
calcium  chloride  tube  is  reweighed. 

Alum. 

Composition :  Aluminum,  potassium,  ammonium,*  sul- 
phuric acid  and  water. 


*  Commercial  potash  alum  contains  it. 
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Determination  of  the  Alaminum  and  Potassium.— Ahout 
1.5  grms.  of  the  salt  are  dissolved  in  water  in  a  platinum 
or  iwrcelain  dish,  then  ammonium  chloride  and  liydrate 
added—the  latter  in  slight  excess.  Boil  the  liquid  until 
the  odor  of  ammonia  is  only  slightly  perceptible,  allow  the 
precipitate  produced  to  subside,  filter  and  wash  by  decan- 
tation  with  hot  water.  Owing  to  the  gelatinous  character 
of  aluminum  hydrate,  it  is  washed  very  slowly,  and  there- 
fore it  is  advisable  in  filtering  to  use  a  Bunsen  pump,  or 
allow  the  imperfectly  washed  precipitate  to  dry,  and  then 
renew  the  washing.  The  precipitate,  when  dried,  is 
placed  in  a  platinum  crucible,  and  the  filter  incinerated 
apart  from  it.  Finally,  the  well-closed  crucible  is  heated, 
at  first  gently,  and  then  gradually  increasing  the  tempera- 
ture to  a  red  glow. 

In  the  presence  of  sulphuric  acid,  aluminum  sulphate  is 
frequently  precipitated  with  the  hydrate,  and  for  this  rea- 
son the  ignition  of  the  precipitate  should  finally  be  con- 
tinued over  the  blast  lamp. 

The  filtrate  from  the  aluminum  hydrate  is  placed  in  a 
platinum  or  porcelain  dish  and  evaporated  to  dryness,  to 
estimate  the  potassium  as  sulphate.  The  residue  is  ignited 
to  expel  all  ammoniacal  salts ;  what  remains  is  a  mixture 
of  neutral  and  acid  potassium  sulphates.  To  convert  the 
latter  into  the  corresponding  neutral  salt  (glowing  merely 
effects  a  partial  change),  ignite  the  mass  gently,  and  add 
from  time  to  time  small  pieces  of  pure  ammonium  car- 
bonate. Continue  this  for  some  time,  and  if  the  weight 
of  the  crucible  remains  the  same  after  a  second  ignition 
with  ammonium  carbonate,  the  residue  consists  entirely  of 
neutral  potassium  sulphate. 

The  ammonia  may  be  estimated  by  boiling  a  portion  of 
the  salt  with  potassium  or  sodium  hydrate.  The  appa- 
ratus shown  in  Fig.  3  is  designed  for  this  purpose. 

The  tubulated  retort  r  contains  a  concentrated  solution 
4 
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of  sodium  or  potfissium  hydrate.  Both  receivers  v  and  v' 
are  partly  fdled  with  dihite  hydrochloric  acid.  The  libe- 
rated ammonia  passes  through  the  cooler  K.  As  an  ordi- 
nary or  even  gum  cork  will  absorb  ammonia  very  readily, 
care  should  be  taken  that  this  gas  does  not  come  in  imme- 


diate contact  with  these  substances.  When  the  apparatus 
has  been  completely  connected,  introduce  the  substance, 
placed  in  a  small  tube,  into  the  tubulure  of  the  retort,  and 
distil  off  about  one-third  of  the  contents.    The  ammonium 
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chloride  formed  is  estimated  by  mixing  with  tlie  liquid 
in  the  receivers  an  excess  of  platinic  cldoride,  and  evapo- 
rating almost  to  dryness  at  as  low  a  temperature  as  possi- 
ble. °Pour  alcohol  (80  per  cent.)  over  the  cold  residue, 
stir  well,  and  Hller  after  the  precipitate  has  subsided.  The 
precipitate  of  ammonio-platinic  chloride  is  brought  upon 
a  weighed  filter  that  has  been  dried  at  130°  C.  Wash 
with  alcohol,  finally  with  a  mixture  of  equal  parts  of  alco- 
hol and  ether.  Dry  at  130°  C,  until  constant  weight  is 
obtained. 

If  tlie  quantity  of  the  precipitate  is  small,  instead  of 
filtering  and  drying  upon  a  weighed  filter,  it  can  be  con- 
verted hito  metallic  platinum  by  ignition  in  a  porcelain 
crucible,  and  from  this  the  ammonia  that  was  present  be 
ascertained  by  calculation.  To  prevent  any  loss  in  this 
operation  begin  heating  the  precipitate  gradually. 

Instead  of  converting  the  ammonium  chloride  into  the 
double  salt  with  platinum,  the  weight  of  the  former  can 
be  directly  taken.  In  this  case  the  liquid  contained  in 
the  receivers  is  evaporated  to  dryness  in  a  platinum  dish 
placed  on  a  water-bath,  and  the  residue  then  dried  in  an 
air-bath  at  100°  C,  until  a  constant  weight  is  obtained. 
This  method,  however,  affords  less  accurate  results,  as 
there  is  invariably  some  ammonium  chloride  volatilized. 

Finally,  the  ammonia  may  be  determined  in  the  follow- 
ing manner :  conduct  the  gas  into  a  measured  quantity  of 
acid  (hydrochloric,  sulphuric,  or  oxalic)  of  known  strength, 
and  titrate  the  unneutralized  portion  of  the  acid  with  a 
standard  alkaline  solution.  For  the  particulars  of  this 
operation  see  "Analysis  of  Guano." 

When  alum  contains  oxide  of  iron  in  large  .quantities, 
which  is  seldom  the  case,  it  may  be  best  determined 
volumetrically.  The  found  percentage  must  then  be  de- 
ducted from  the  aluminum  precipitate. 
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Determine  the  snlplmric  acid  as  barium  sulphate. 

The  water  in  alum  cannot  be  estimated  by  loss  in  weight 
by  ignition,  because  not  only  it  but  also  sulphuric  acid 
and  ammonia  are  volatilized.  When  ammonia  is  absent, 
the  water  may  be  determined  as  described  in  the  analysis 
of  dolomite.  This  method  is  not  applicable  in  the  pre- 
sence of  ammonia,  because  the  latter,  upon  glowing  with 
lead  carbonate,  is  expelled  and  absorbed  by  the  calcium 
chloride.  This  being  the  case,  connect  with  the  tube 
containing  the  alum  and  lead  carbonate  two  Y-shaped 
tubes  filled  with  pumice-stone  saturated  with  sulphuric 
acid.  The  increase  in  weight  of  the  tubes  will  indicate 
the  amount  of  water  plus  the  ammonia,  and  from  this 
subtract  the  amount  of  the  latter  directly  determined. 


Heavy  Spar. 

Barites. 

Composition:  Barium  sulphate,  with  frequently  small 
quantities  of  strontium  sulphate. 

The  finely  powdered  and  dried  (100°  C.)  substance, 
(1  grm.)  is  thoroughly  mixed  in  a  platinum  crucible  with 
4-5  times  its  weight  of  sodium  carbonate,  and  fused  over 
a  blast  lamp.  (A  good  Bunsen  burner  will  generally  suf- 
fice.) The  ignition  should  be  continued  until  the  contents 
become  liquid,  and  then  pour  the  same  into  a  platinum 
dish.  If  the  latter  is  sufficiently  large  the  crucible  can 
be  placed  in  the  same,  Avater  added,  and  the  whole  di- 
gested on  a  water-bath  until,  upon  stirring  with  a  glass 
rod,  no  hard,  undecomposed  particles  can  be  detected.  If 
it  is  not  desired  to  pour  out  the  liquid  contents  of  the 
crucible,  allow  the  latter  to  cool,  and  then  boil  with  water. 
The  latter  procedure  requires  considerable  time.  The 
aqueous  solution  contains,  together  with  the  undecom- 
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posed  soiliulu  carbonate,  all  the  sulpliuric  acid  in  the  form 
of  sodium  sulpliato.  The  residue  consists  of  the  car- 
bonates of  strontium  and  barium.  After  freeing  the  cruci- 
ble from  the  adhering  precipitate,  and  rinsing  with  water, 
the  insoluble  residue  is,  filtered  ofi'  and  washed  until  a 
drop  of  filtrate  does  not  indicate  a  sulphuric  acid  reaction. 
The  weight  of  the  gently  ignited  precipitate  will  represent 
the  sum  of  the  strontium  and  barium  carbonates.  Dis- 
solve the  mixture  in  acetic  acid,  and  separate  the  bases 
just  as  barium  is  separated  from  calcium.   (See  p.  27.) 

To  determine  the  sulphuric  acid  in  the  aqueous  extract 
of  the  fused  mass,  acidify  the  liquid  carefully  with  hydro- 
chloric acid  ;  then  heat  to  expel  all  the  carbon  dioxide, 
and  finally  precipitate  with  barium  chloride  (p.  15). 

When  the  heavy  spar  contains  silica  it  will  be  found  in 
the  aqueous  solution,  together  with  the  sodium  sulphate, 
and  should  be  removed  before  precipitating  the  sulphuric 
acid.  Evaporate  the  solution  to  which  hydrochloric  acid 
has  been  added  to  dryness,  and  heat  the  residue  for  some 
time  at  120°  C.  When  cool,  moisten  with  hydrochloric 
acid,  and  add  water.  (See  Dolomite,  p.  31.)  The  fil- 
trate from  the  silicic  acid  can  now  be  employed  for  the 
sulphuric  acid  determination.  The  silicic  acid  is  strongly 
ignited  in  a  platinum  crucible  and  weighed. 

If  calcium  sulphate  be  present  in  the  heavy  spar,  the 
three  sulphates  can  be  separated  by  treatment  with  am- 
monium cai'bonate  (p.  29). 


Separation  of  Potassium  from  Sodium. 

A  mixture  of  equal  parts  of  the  chlorides  is  employed 
in  the  analysis. 

The  separation  of  these  alkalies  is  based  upon  the  pre- 
cipitation of  the  potassium  as  potassium-platinum  chloride, 

4* 
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■while  the  corresponding  sodium  compound  remains  dis- 
solved. The  chlorides  (about  0.5  grm.),  dried  at  100°  C, 
are  dissolved  in  the  least  possible  quantity  of  water,  and 
then  mixed  with  a  concentrated  neutral  solution  of  pla- 
tinic  chloride,*  and  evaporated  almost  to  dryness  upon  a 
water-bath.  The  temperature  should  not  be  too  high. 
Pour  alcohol  (80  per  cent.)  over  the  cold  residue,  and 
treat  the  potassium-platinum  chloride  just  as  the  ammo- 
nium compound.  (See  p.  39.) 

If  the  solution  employed  for  washing  consists  of  a  mix- 
ture of  2  vols,  alcohol  and  1  vol.  ether,  not  any  potassium- 
platinum  chloride  will  be  dissolved.  However,  the  filtrate 
should  be  tested  for  traces  of  it.  For  this  purpose  evapo- 
rate it  again  to  dryness  with  addition  of  more  platinic 
chloride,  and  treat  the  residue  again  with  alcohol.  Calcu- 
late the  amount  of  potassium  chloride  in  the  double  salt 
K^PtClg  :  2KC1  :  :  wt.  K.VtCl,  :  x. 

The  amount  of  sodium  chloride  is  found  by  difference. 

[Instead  of  weighing  the  double  salt  upon  a  weighed 
filter,  which  is  at  the  best  tedious  and  inconvenient,  it 
may  after  washing  with  alcohol  be  rinsed  with  water  into 
a  small  beaker,  and  to  the  aqueous  solution  a  little  dilute 
hydrochloric  acid  and  a  piece  of  pure  zinc  added.  The 
application  of  heat  aids  the  reduction.  When  the  zinc  is 
completely  dissolved,  the  liquid  is  diluted  and  filtered. 
The  residual  platinum  is  thoroughly  washed  with  hot 
water,  dried,  ignited,  and  weighed.  One  equivalent  of 
platinum  represents  one  equivalent  of  potassium.] 

Instead  of  separating  the  potassium  chloride  as  a  double 

*  Enough  platinic  chloride  must  be  added  to  convert  both 
the  potassium  and  sodium  into  double  salts  with  it,  otherwise 
sodium  chloride  will  invariably  be  mixed  with  the  potassium- 
platinum  chloride,  and  cannot  be  removed  by  washing  with 
alcohol. 
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salt,  we  can  determine  the  amount  of  clilovinc  in  a  mix- 
ture and  from  this  calculate  the  quantity  of  potassium  and 
sodium  chlorides  present.* 

To  determine  the  chlorine  the  solution  of  the  substance 
is  mixed  with  silver  nitrate  and  the  silver  chloride  ob- 
tained weighed.  (See  Barium  Chloride,  p.  17.) 

If  Ä  represents  the  sum  of  potassium  and  sodium 
chlorides, 
Cthe  found  amount  of  chlorine, 
X  the  unknown  amount  of  potassium  chloride, 
y  the  unknown  amount  of  sodium  chloride, 
then  a  +  y  =  S  (1). 

The  molecular  weight  of  potassium  chloride  is  74.57  ;  it 

contains  in  one  part  by  weight  =  0.47552  chlorine  : 

the  molecular  weight  of  sodium  chloride  is  58.46  ;  the 

amount  of  chlorine  in  it  is  ^'^''^^  =  0.60657. 

58.46 

Then  0.47552a;  +  0.60657    =  C(2), 

(0.60657^C 

and  a;  =•  ^  

0.131OO 

and  y  =  *S' — x. 

Instead  of  determining  the  silver  gravi  metrically  as 

silver  chloride,  it  may  be  estimated  volumetrically  much 

more  rapidly  and  with  just  as  great  accuracy.   This  method 

of  estimation  depends  upon  the  deportment  of  a  silver 

nitrate  solution  of  known  strength  with  a  solution  of  an 

alkaline  chloride  in  the  presence  of  chromic  acid.  When 

silver  nitrate  is  added  to  a  solution  of  an  alkaline  chloride 

containing  potassium  Chromate,  all  the  chlorine  will  at 

first  be  precipitated  as  silver  chloride,  after  which  the 


*  This  indirect  method  of  determining  the  potassium  and 
sodium  is  only  accurate  when  the  quantity  of  potassium  chloride 
with  the  sodium  chloride  is  not  too  small. 


44     SEPARATION   OF  POTASSIUM  FROM  SODIUM. 


silver  acts  upon  the  chromic  acid  of  the  Chromate,  form- 
ino-  silver  Chromate.  The  formation  of  the  latter  com- 
pound,  which  is  characterized  by  an  intense  blood-red 
color,  serves  as  a  means  of  recognizing  the  close  of  the  re- 
action. 

For  the  execution  of  this  method  of  determining  chlo- 
rine allow  silver  nitrate  to  drop  from  a  burette  into  the 
chloride  solution  containing  potassium  Chromate  until  the 
white  precipitate  of  silver  chloride  is  colored  distinctly  red 
by  the  silver  Chromate.*  The  solution  should  be  con- 
tinually stirred.  The  amount  of  chlorine  present  is  cal- 
culated from  the  number  of  C.  C.  of  the  silver  nitrate 
solution  that  has  been  used. 

There  is  required  : — 

1.  A  Neutral  Solution  of  Silver  Nitrate — The  solution 
is  made  iioi'n^al,  i.  e.,  10.8  grms.  metallic  silver  or  17 
grms.  silver  nitrate  are  dissolved  and  diluted  to  1  litre. 
If  1000  C.  C.  of  this  solution  contain  exactly  10.8  grms. 
silver,  these  correspond  to  3.546  grms.  chlorine,  3.646 
grms.  hydrochloric  acid,  or  5.846  grms.  sodium  chloride, 
etc.  In  order,  however,  to  be  satisfied  as  to  the  correct 
strength  of  the  solution,  prepare 

2.  A  Solution  of  Sodium  Chloride — This  is  done  by 
dissolving  5.846  grms.  chemically  pure  and  dry  sodium 
chloride  in  1  litre  of  water. 

To  standardize  the  silver  nitrate  solution  allow  about 
10  C.  C.  of  the  sodium  chloride  solution  to  flow  out  the 
burette,  mi^c  in  a  few  drops  of  potassium  Chromate,  and 
add  from  the  burette,  while  stirring,  silver  nitrate  until 
the  final  reaction  appears.  When  the  silver  nitrate  solu- 
tion is  normal,  then  10  C.  C.  of  the  sodium  chloride 
solution  will  exactly  correspond  to  10  C.  C.  of  the  silver 
solution. 

*  As  silver  Chromate  is  soluble  in  acids,  both  the  Uquid  to  be 
treated  and  the  silver  nitrate  solution  must  be  perfectly  neutral. 
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Mixture  of  Potassium  Chloride,  Sodium 
Chloride,  and  Magnesium  Sulphate. 

The  separation  of  magnesium  from  the  alkalies  accord- 
ing to  the  following  method,  must  be  preceded  by  the  re- 
moval of  tlie  sulphuric  acid.  For  this  purpose,  acidify 
the  boiling  solution  of  the  substance  with  a  few  droi)s  of 
hydrochloric  acid,  and  add  barium  chloride.  Filter  off 
the  barium  sulpliate  and  evaporate  the  filtrate  to  dryness, 
in  a  platinum  dish,  having  first  added  an  excess  (about 
four  times  the  amount)  of  pure  oxalic  acid  for  the  conver- 
sion of  the  alkalies  and  the  magnesium  into  oxalates. 
By  igniting  the  residue,  we  have  the  alkaline  carbonates 
and  magnesia  produced.  Treat  the  residue  with  small 
quantities  of  hot  water,  dissolving  by  this  means  the  alka- 
lies and  separating  them  from  the  magnesia  (and  barium 
carbonate),  then  evaporate  to  diyness  with  dilute  hydro- 
chloric acid,  converting  the  alkalies  into  chlorides  which 
may  then  be  separated  in  the  manner  already  described 
(p.  41). 

The  weighed  alkaline  chlorides  should  always  be  exam- 
ined for  traces  of  magnesia,  and  the  amount  deducted 
from  the  others.    (See  p.  16.) 

(Mg,P,0,  :  2MgCl,  :  :  wt.  Mg.P.O«  :  x.) 

The  magnesia  may  be  separated  from  the  barium  car- 
bonate by  dissolving  the  residue  in  dilute  hydrochloric 
acid,  precipitating  the  barium  with  dilute  sulphuric  acid, 
and  determining  the  magnesium  in  the  filtrate  in  the  usual 
manner. 

Another  method  employed  in  separating  magnesium 
from  the  alkalies  is  based  upon  the  precipitation  of  the 
masrnesium  as  magnesium-ammonium  carbonate. 

It  is  immaterial  whether  the  magnesium  and  alkalies 
exist  as  chlorides,  sulphates,  or  nitrates.    To  the  very 


* 
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concentrated  solution  of  the  substance  add,  in  excess,  a 
concentrated  solution  of  ammonium  carbonate*  and  hy- 
drate, and  allow  the  same  to  stand  twenty-four  hours. 
The  precipitate  after  filtering  should  be  washed  with  a 
similar  solution  of  ammonium  carbonate,  dried,  and  by 
strong  ignition  converted  into  magnesia.  It  is  to  be  re- 
marked that  in  this  separation  the  magnesia  almost  inva- 
riably retains  potassium  carbonate  mixed  with  it.  (The 
sodium  carbonate  is  perfectly  dissolved.)  It  is,  therefore, 
of  the  utmost  importance  that  the  ignited  magnesia  be 
treated  with  small  quantities  of  water  and  again  ignited. 
The  washings  should  be  added  to  the  liquid  containing  the 
alkalies.  The  alkalies  are  most  readily  determined  as 
sulphates. 

The  filtrate  from  the  magnesia  precipitate  should  be 
brought  into  a  platinum  or  porcelain  dish,  covered  and 
heated  on  a  water-bath  to  expel  the  ammonia  and  produce 
a  partial  decomposition  of  the  ammonium  carbonate. 
When  carbon  dioxide  is  no  longer  liberated,  add  dilute 
sulphuric  acid  drop  by  drop  to  the  cold  liquid  and  evapo- 
rate to  dryness.  If  the  evaporation  has  taken  place  in  a 
porcelain  dish,  bring  the  residue  into  a  weighed  platinum 
crucible  and  ignite  to  expel  the  ammoniacal  salts.  The 
residue  contains  not  only  the  alkaline  sulphates,  but  also 
their  hydrosulphates  ;  therefore,  continued  ignition  with 
repeated  addition  of  ammonium  carbonate  is  necessary  to 
obtain  a  constant  weight.  (See  Potassium  Determina- 
tion in  Alum,  p.  37.)  Examine  the  alkalies  for  mag- 
nesium. 

When  sodium  and  potassium  are  present  together,  in- 

*  According  to  Schaffgotsch,  a  solution  of  this  kind  is  best 
prepared  by  dissolving  230  grms.  ammonium  carbonate  in  180 
grms.  ammonium  hydrate  (specific  gravity  0.92)  and  diluting  to 
1  Htre. 
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stead  of  scpavating  the  potassium  with  phitinic  chlovide,* 
the  sulphuric  acid  in  th(3ir  sulphates  may  be  det(!rmiiicd, 
and  the  quantity  of  sodium  and  potassium  calculated  from 
this. 

If  S  represents  the  weight  of  sodium  and  potassium 
sulphates,  and  s  the  found  quantity  of  sulphuric  acid, 
then 

_s— 0^45919^ 
^~  0.10419 

y  =  S — X. 

Alloy  of  Copper  and  Silver, 

Silver  Coins. 

The  solution  of  the  coin  (about  0.5  grm.)  is  effected  by 
bringing  it  in  contact  with  dilute  nitric  acid  in  a  porcelain 
dish,  which  is  well  covered  with  a  watch-glass  and  heated 
upon  a  water-bath.  Finally,  evaporate  the  solution  to 
dryness,  dissolve  the  residue  in  hot  water,  rinsing  the 
solution  into  a  beaker,  and  precipitate  the  silver  by  the 
addition  of  dilute  hydrochloric  acid. 

By  the  application  of  heat  and  frequent  stirring,  the 
precipitate  may  readily  be  balled  together,  and  filtered 
after  standing  a  short  time.  The  subsequent  treatment  of 
the  precipitate  has  already  been  described  in  the  analysis 
of  barium  chloride  (p.  17). 

The  copper  in  the  filtrate  from  the  silver  chloride  may 


*  When  the.  alkalies  are  present  as  sulphates,  to  determine 
the  potassium  as  potassium-platinum  chloride,  it  is  necessary  to 
first  convert  the  sulphates  into  chlorides.  This  is  etfected  by 
adding  to  the  solution  barium  chloride  and  removing  the  excess 
of  the  latter  with  ammonium  carbonate,  or  by  repeatedly 
igniting  the  sulphates  with  ammonium  chloride  until  constant 
weight  is  obtained. 
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be  precipitated  as  sulphide  by  conducting  hydrogen  sul- 
phide into  the  solution.    The  precipitant  should  be  added 
until  the  odor  of  hydrogen  sulphide  is  strongly  perceptible, 
and  the  precipitate  then  rapidly  filtered,  with  exclusion  of 
air.     Cover  the  beaker  and  funnel  with  glass  plates. 
After  washing  the  precipitate  with  water  containing  hy- 
drogen sulphide,  dry  and  ignite  it  strongly— with  addition 
of  sulphur— in  a  stream  of  hydrogen  gas  (see  p.  20). 
The  residue  is  cuprous  sulphide  (Cu,S).     As  copper 
sulphide  oxidizes  exceedingly  readily,  the  filtration  and 
washing  should  not  be  interrupted.    When  oxidation  has 
occurred  (recognizecl  by  the  cloudiness  of  the  filtrate),  the 
precipitate  upon  the  filter  is  completely  washed  with  water 
containing  hydrogen  sulphide,  and  the  filtrate  treated  a 
second  time  with  hydrogen  sulphide  gas.    The  small 
quantity  of  copper  sulphide  produced  is  brought  upon  a 

separate  filter. 

If  the  copper  is  precipitated  from  a  hot  solution,  a  sul- 
phide of  a  more  compact  nature  is  obtained,  which  may 
be  washed  very  readily. 

Cu,S  :  Cu.,  :  :  wt.  Cu^S  :  x. 

[As  a  control,  get  the  copper  in  the  form  of  sulphate  and 
determine  it  by  electrolysis.    The  platinum  crucible  con- 
taining the  solution  of  the  copper  salt  serves  as  negative 
pole  of  a  weak  Bunsen  battery  consisting  of  one  or  two 
cells.    A  stout  platinum  wire  will  answer  as  positive 
electrode,  and  is  allowed  to  dip  into  the  copper  solution. 
The  wire  should  not  be  allowed  to  touch  the  sides  of  the 
crucible.    Care  must  be  taken  to  regulate  the  current  so 
that  the  copper  will  be  deposited  upon  the  walls  of  the 
crucible  as  a  compact,  bright  coating.    The  time  neces- 
sary  to  effect  complete  precipitation  varies  from  one  to 
three  hours.    Whether  the  copper  has  been  completely 
removed  or  not  may  be  ascertained  by  placing  a  drop  of 
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the  solution  on  a  porcelain  plate  and  adding  a  little  hy- 
drogen sulphide.  After  precii.itation  wash  the  copper 
with  distilled  water,  dry  carefully,  and  weigh  with  the 
crucible. 

When  the  copper  is  thrown  out  of  the  solution  in 
spongy  masses,  it  not  only  oxidizes  very  readily,  but  it  is 
also  difficult  to  free  it  of  impurities  mixed  with  it.] 


Alloy  of  Copper  and  Zinc. 

Brass. 


Dissolve  the  alloy  in  dilute  nitric  acid,  and  proceed  pre- 
cisely as  described  in  the  preceding  analysis.  When  the 
brass,  as  is  generally  the  case,  contains  lead,  the  nitric 
acid  solution  is  evaporated  to  dryness,  with  addition  of 
sulphuric  acid,  upon  a  water-bath,  until  all  the  nitric  acid 
luis  been  expelled  and  the  lead  completely  converted  into 
sulphate.  Pour  cold  water  over  the  residue,  stir  the 
liquid  with  a  glass  rod  until  all  the  lead  sulphate  that  has 
separated  out  appears  perfectly  white,  then  add  one-third 
volume  alcohol.*  Wash  the  filtered  precipitate  with  dilute 
alcohol  (until  the  addition  of  barium  chloride  to  the  wash- 
ings produces  no  cloudiness),  dry,  and  then  ignite  in  a 
porcelain  crucible.  It  should  be  borne  in  mind  that,  upon 
incinerating  the  filter,  the  lead  sulphate  adhering  to  the 
latter  will  be  reduced  to  metallic  lead  ;  therefore  adopt  the 
course  pursued  in  the  determination  of  chlorine  (p.  18), 
incinerate  the  filter  upon  the  inverted  crucible  lid,  dissolve 
the  metallic  lead  in  a  few  drops  of  nitric  acid,  evaporating 


*  If  more  alcohol  than  this  is  added,  copper  sulphate  will 
very  likely  separate  out,  but  may  be  redissolved  by  the  addi- 
tion of  more  water. 
5 
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tins  solution  to  dryness  with  addition  of  dilute  sulphuric 
acid. 

PbSO,  :  Pb  :  :  wt.  PbSO,  :  x. 
After  thus  removing  the  lead,  heat  the  liquid  that  re- 
mains upon  a  water-bath  to  expel  the  alcoliol  present,  and 
then  effect  the  separation  of  the  copper  and  zinc  by  con- 
ducting hydrogen  sulphide  into  the  solution.    Since  in 
this  method  some  sulphide  of  zinc  is  very  apt  to  be  pre- 
cipitated together  with  copper  sulphide,  the  liquid  should 
be  made  strongly  acid*  by  the  addition  of  hydrochloric 
acid,  and  the  copper  sulphide  filtered  immediately  after 
the  precipitation.    As  regards  the  filtration  of  the  copper 
sulphide,  what  has  already  been  mentioned  (precipitation 
of  copper  in  silver  coins)  should  be  borne  in  mind.  Not- 
withstanding all  this,  however,  the  copper  sulphide  is  not 
absolutely  free  from  zinc  sulpliide,  and,  if  the  separation 
is  to  be  very  perfect,  the  precipitation  must  be  repeated. 
In  this  case  transfer  the  precipitate  to  a  porcelain  dish, 
dry  the  filter,  and  after  its  incineration  add  the  ash  to  the 
precipitate  and  dissolve  the  latter  in  aqua  regia.  Evapo- 
rate this  solution  to  dryness  upon  the  water-bath,  dissolving 
the  residue  in  water,  and,  after  tlie  addition  of  hydrochloric 
acid,  reprecipitate  the  copper  as  sulphide.    The  copper 
sulphide  obtained  is  ignited  in  a  hydrogen  stream  and 
determined  as  Cu^S. 

The  filtrates  from  the  copper  sulphide  are  united,  and 
the  zinc  then  precipitated  as  sulphide.  To  this  end  heat 
the  liquid  to  incipient  ebullition,  then  add  ammonium  in 
excess  and  some  ammonium  sulphide.!  The  precipitate 
is  washed  with  water  containing  ammonium  sulphide  and 


*  According  to  Grundmann's  experiments,  10  C.  C.  hydro- 
chloric acid  arc  required  for  0.2  gi-m.  cupric  oxide. 

f  The  sulphide  of  zinc  precipitated  from  a  hot  solution  is 
Qiore  compact  and  much  more  readily  filtered. 
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uniiuonium  nitrate,  then  dried  and  ignited,  mixed  witl. 
suli)liur,  in  a  stream  of  hydrogen  (see  p.  20). 

ZnS  :  Zn  :  :  wt.  ZnS  :  x. 
When  lead  is  not  present  in  the  brass,  the  nitric  acid 
solution  may  be  evaporated  to  dryness  without  the  addi- 
tion of  sulphuric  acid.  The  residue  is  then  dissolved  in 
water,  hydrochloric  acid  added,  and  precipitation  produced 
by  hydrogen  sulphide. 

Another  method  for  the  separation  of  copper  and  zinc 
is  based  upon  the  deportment  of  the  former  with  sodium 
hyposulphite.  If  the  solution  of  a  copper  salt  is  mixed 
with  sodium  hyposulphite,  a  precipitate  of  copper  hypo- 
sulphite is  produced,  which  decomposes  very  readily  upon 
boiling  into  copper  sulphide  and  sulphuric  acid. 

Zinc  salts  are  not  precipitated  by  this  reagent.  To 
effect  the  separation  of  these  two  metals  by  means  of  this 
method,  tlieir  nitric  acid  solution  should  be  evaporated  to 
dryness  with  sulphuric  acid,  the  residue  dissolved  in  water, 
and  sodium  hyposulphite  added  to  the  boiling  solution 
until  the  addition  no  longer  produces  a  precipitate  of 
cuprous  sulphide,  Cu^S.  This  cuprous  sulphide  possesses 
entirely  different  properties  from  that  obtained  by  pre- 
cipitation with  hydrogen  sulphide.  It  does  not  oxidize 
on  exposure  to  the  air,  and  may  be  easily  washed  with 
hot  water  not  containing  any  hydrogen  sulphide.  It 
should  also  be  ignited  in  a  stream  of  hydrogen. 

In  order  that  the  zinc  may  be  estimated  in  the  filtrate 
from  the  cuprous  sulphide,  the  excess  of  sodium  hyposul- 
phite must  be  previously  removed.  Add  nitric  acid  to 
the  solution,  then  evaporate  it  to  dryness  upon  the  water- 
bath,  dissolving  the  residue  in  water,  filtering  off"  the  sul- 
phur that  may  have  separated  out,  and  finally  precipitate 
the  zinc  with  sodium  carbonate  (see  p.  18).  As  regards 
the  purity  of  the  zinc  oxide,  see  remark  I.,  p.  19. 
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Alloy  of  Antimony  and  Lead. 

Type  Metal. 

The  alloy  is  divided  as  finely  as  possible,  and  about  0.5 
grm.  of  it  then  transferred  to  a  porcelain  dish  containing 
equal  parts  of  nitric  acid  and  concentrated  tartaric  acid, 
and  the  whole  heated  upon  a  Avater-bath.  To  the  solution 
is  now  added  an  excess  of  ammonium  hydrate,  until  the 
liquid  imparts  an  alkaline  reaction,  then  an  excess  of  am- 
monium sulphide.  By  this  means  we  have  the  antimony 
dissolved  as  antimony-ammonium  sulphide  (Sb(SNH4)3), 
whilst  the  lead  remains  insoluble. 

Digest  the  precipitate  for  some  time  upon  the  water- 
bath,  filter  without  bringing  the  precipitate  on  the  filter, 
and  then  digest  it  again  with  small  quantities  of  ammo- 
nium sulphide,  and  finally  determine  the  lead  sulphide  by 
gentle  ignition  in  a  stream  of  hydrogen  (p.  20).  The 
antimony  in  the  filtrate  from  the  lead  sulpliide  separates 
out  upon  the  addition  of  hydrochloric  acid.  Carefully 
mix  the  solution  contained  in  a  covered  beaker  with  di- 
lute hydrochloric  acid,  until  its  addition  is  no  longer  fol- 
lowed by  the  precipitation  of  antimony  sulphide;  then 
apply  heat  upon  the  water-bath  until  the  odor  of  hydrogen 
sulphide  is  no  longer  perceptible.*  The  precipitate,  which 
consists  of  sulphur  and  antimony  sulphide,  is  brought 
upon  a  weighed  filter,  dried  at  100°  C,  washed  with 
^ater  containing  hydrogen  sulphide,  and  dried  again  at 
100°  C,  until  the  weight  becomes  constant.  To  estimate 
the  quantity  of  antimony  sulphide  present,  weigh  off  a 
portion  of  the  dried  precipitate,  place  it  in  a  porcelain 
boat,  and  insert  this  into  a  glass  tube,  through  which  a 


*  This  may  be  hastened  by  conducting  carbon  dioxide  into 
the  hot  solution. 
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slow  current  of  dry  carbon  dioxide  is  transmitted,  and 
the  contents  of  the  boat  cautiously  ignited,  until  no  more 
sulphur  escapes  and  the  antimony  sulphide  has  become 
black. 

Sb,S3  :  2Sb  :  :  wt.  Sb,S,  :  x. 
As  a  control  for  the  analysis,  a  second  portion  of  the 
weighed  precipitate  may  be  converted  into  the  antimoniate 
of  the  teroxide  of  antimony.  This  is  effected  by  moisten- 
ing a  weighed  portion  of  the  precipitate,  placed  in  a  por- 
celain crucible,  with  a  few  drops  of  nitric  acid  (sp.  gr. 
1.42),  then  adding  a  somewhat  larger  quantity  (about  8 
to  10  times  the  quantity)  of  fuming  nitric  acid.  Cover 
the  crucible  with  a  watch-glass  or  a  concave  porcelain 
cover,  and  carefully  apply  heat  upon  the  water-bath  until 
all  action  ceases,  finally  allowing  the  acid  to  evaporate. 
The  residual  mass  consists  of  a  mixture  of  antimonic  acid 
and  sulphuric  acid.  For  the  conversion  of  the  former 
into  teroxide  and  the  expulsion  of  the  sulphuric  acid, 
gradually  ignite  the  contents  of  the  crucible  to  intense 
glowing. 

SbO,  :  Sb  :  :  wt.  SbO^  :  x. 
The  lead  sulphide  as  above  obtained  invariably  has  an- 
timony sulphide  adhering  to  it.  The  separation  is  more 
complete  if  the  greater  portion  of  the  lead  is  first  removed 
from  its  nitric  acid  solution  by  the  addition  of  sulphuric 
acid  (without  alcohol),  and  determined  as  such.  The 
lead  still  remaining  in  the  filtrate  may  be  separated  from 
the  antimony  by  the  addition  of  ammonium  hydrate  and 
ammonium  sulphide.  If  pure  nitric  acid  replaces  nitric 
acid  and  tartaric  acid  in  the  decomposition  of  the  alloy, 
antimonic  acid  will  separate  out,  and  the  separation  of  the 
two  metals  will  be  very  impei-fect,  even  if  the  treatment 
with  ammonium  sulphide  be  repeated. 

5* 
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Alloy  of  Tin  and  Lead. 

Soft  Solder. 

Warm  the  alloy  with  nitric  acid  until  all  action  ceases, 
then  evaporate  the  solution  to  dryness  upon  a  water-bath. 
After  moistening  the  residue  with  a  few  drops  of  mtric 
acid,  pour  water  over  it,  and  remove  the  stannic  oxide  by 
filtration.  The  precipitate  is  washed  with  water,  dried, 
and  ignited  strongly  in  a  porcelain  crucible  placed  over  a 
blast-lamp. 

The  incineration  of  the  filter  is  best  performed  upon 
the  inverted  lid  of  the  crucible,  and  the  ash  carefuUy 
heated  with  a  few  drops  of  nitric  acid,  to  oxidize  the  re- 
duced tin. 

The  filtrate  from  the  oxide  of  tin  is  mixed  with  dilute 
sulphuric  acid,  and  evaporated  on  the  water-bath,  until 
all  the  nitric  acid  has  been  expelled;  the  residue,  after 
coolin-,  treated  with  alcohol,  and  the  lead  sulphate  filtered 
otr.  The  precipitate  should  be  washed  with  alcohol,  and 
treated  as  described  on  page  49. 

Weio-hable  quantities  of  lead  always  adhere  to  the  tin 
oxide  Is  above  obtained  by  oxidation  with  nitric  acid ; 
these,  however,  may  be  estimated  by  mixing  the  weighed 
precipitate  with  four  to  five  times  its  quantity  of  equal 
parts  of  sodium  carbonate  and  flowers  of  sulphur,  and 
fusin-  (over  an  ordinary  burner)  in  a  porcelain  crucible 
The  residue  is  treated  with  water,  and  the  tin  dissolved 
as  sodium-sulphostannate  (Na,SnS3),  while  the  lead  oxide 
that  adhered  to  the  stannic  oxide  will  remain  as  in- 
soluble lead  sulphide.    Remove  the  latter  by  filti-ation 
wash  with  water  containing  hydrogen  sulphide,  and  weigh 

as  such.  ,    1  .  xi 

From  the  found  amount  of  lead  sulphide  calculate  the 
lead  oxide,  and  subtract  this  from  the  stannic  oxide,  thus 
obtaining  tlie  correct  arooupt  of  the  hitter. 


ALLOY  OP  LEAD  AND  BISMUTH. 

Tin  and  lead  may  be  separated  in  a  manner  similar  to 
tliat  employed  in  the  separation  of  antimony  and  lead- 
by  means  of  ammonium  sulphide.  Evaporate  the  nitric 
acid  solution  to  dryness,  mix  the  residue  with  ammonium 
hydrate  and  sulphide,  and  proceed  as  above.  The  lead 
sulphide,  after  being  dried,  is  mixed  with  four  to  five  times 
its  weight  of  equal  parts  of  sodium  carbonate  and  sulphur, 
then  fused.  The  aqueous  extract  from  the  fused  mass, 
after  filtering  off"  the  lead  sulphide,  is  added  to  the  ammo- 
nium sulphide  solution,  and  the  tin  precipitated  by  the 
addition  of  hydrochloric  acid  to  the  liquid  contained  in  a 
covered  beaker.  After  the  precipitate  has  fully  separated, 
warm  upon  a  water-bath. 

As  soon  as  the  liquid  ceases  to  impart  the  odor  of  hy- 
drogen sulphide,  filter  off"  the  mixture  of  tin  sulphide  and 
sulphur ;  wash  the  precipitate  perfectly  with  a  solution  of 
ammonium  acetate,  containing  a  few  drops  of  acetic  acid. 
Place  the  dried  precipitate  in  a  weighed  porcelain  cruci- 
ble, heating  it  gradually  with  access  of  air  to  expel  the 
sulphur.    Finally,  ignite  over  a  blast-lamp. 

The  final  traces  of  sulphuric  acid  that  may  remain  are 
expelled  by  placing  a  small  piece  of  ammonium  carbonate 
in  the  crucible,  and  again  igniting.  The  filter  should  be 
burned  upon  the  inverted  crucible  lid.  The  ignited  residue 
is  SnOj. 

Alloy  of  Lead  and  Bismuth. 

The  nitric  acid  solution  of  the  alloy  is  evaporated  upon 
a  water-bath  until  it  attains  a  syrupy  consistence,  a  little 
water  is  then  added,  the  liquid  stirred  with  a  glass  rod 
and  again  evaporated.  This  operation  should  be  repeated 
three  or  four  times  (the  residue  should  then  contain  no 
more  nitric  acid),  when  the  cooled  mass  is  finally  mixed 
with  a  cold  solution  of  1  part  ammonium  nitrate  in  500 
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parts  water,  and  tLeii  allowed  to  stand  a  short  time. 
Filter  and  wash  the  bismuth  nitrate  with  a  solution  of 
ammonium  nitrate  having  the  above  concentration ;  dry 
and  i-nite  in  a  porcelain  crucible.  The  filter  should  be 
burned  upon  the  inverted  crucible  lid.  The  ignited  residue 
is  oxide  of  bismuth,  B\p^. 

The  oxide  first  obtained  may  be  converted  into  metallic 
bismuth,  if  ignited  in  a  current  of  hydrogen  gas. 

In  the  filtrate  from  the  bismuth  nitrate  determine  the 
lead  as  sulphide,  precipitating  it  either  with  hydrogen  or 
ammonium  sulphide.    (See  p.  52.) 

The  insolubility  of  lead  sulphate  affords  another  method 
for  the  separation  of  these  two  metals.    The  solution  is 
freed  from  nitric  acid  by  evaporation— sufficient  hydro- 
chloric acid,  however,  being  added  to  dissolve  aU  the 
bismuth.*    To  ascertain  when  a  sufficient  amount  ol  acid 
has  been  added,  pour  a  small  portion  of  acidified  liquid 
upon  a  watch-glass  and  add  a  few  drops  of  water.    If  an 
immediate  turbidity  forms,  enough  acid  has  not  been 
added.    Rinse  the  liquid  upon  the  watch-glass  with  alco- 
hol.   For  the  precipitation  of  the  lead,  add  dilute  sul- 
phm-ic  acid  to  the  liquid,  and  if  any  lead  clüoride  has 
separated  out,  allow  the  acid  to  act  upon  it,  before  the 
addition  of  alcohol  (sp.  gr.  0.8).    Wash  the  lead  sulphate 
first  with  alcohol,  mixed  with  a  small  quantity  of  hydro- 
chloric acid,  finally  with  pure  alcohol.    The  precipitate  is 
ignited  as  described,  p.  49,  and  then  weighed. 

The  filtrate  is  at  once  mixed  with  a  large  quantity  ot 
water  and  the  bismuth  precipitated  as  oxychloride  (BiOCl 
__bismuth  basic  chloride).  If  no  further  precipitation  is 
produced  upon  the  addition  of  more  water,  filter  off"  the 
precipitate,   and  by  fusing  it    with   KCy  convert  it 

*  If  much  lead  has  gone  in  solution,  crystalline  lead  chloride 
will  separate. 
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inlo  niotjiUic  bismuth.*  For  this  i)uri)Ose  tho  bisiniitli 
oxychloride,  phicod  in  u  porcelain  crucible,  is  mixed  witli 
tivi;  times  its  quantity  of  potassium  cyanide  and  fused  over 
an  ordinary  lamp.  By  protracted  fusion  the  small  par- 
ticles of  bismuth  may  be  collected  to  one  large  globule. 
After  cooling,  digest  the  fused  residue  with  cold  water, 
filter  the  bismuth  upon  a  dried  and  weighed  filter,  wash- 
ing it  at  first  with  dilute  and  finally  with  absolute  alcohol. 
Dry  at  100°  C.  and  weigh. 

In  the  process  of  fusion  the  porcelain  crucible  is  gene- 
rally more  or  less  attacked,  and  the  bismuth  consequently 
rendered  impui-e  by  loosened  particles  of  the  crucible.  To 
avoid  the  error  thus  occasioned,  dissolve  the  bismuth  in 
dilute  nitric  acid  and  weigh  the  residue. 


Alloy  of  Lead  and  Zinc. 

Add  sulphuric  acid  to  the  nitric  acid  solution  and  eva- 
porate the  latter  upon  the  water-bath  until  nitric  acid 
vapors  no  longer  escape,  then  pour  water  upon  the  cooled 
residue  and  add  one-third  volume  of  alcohol.  Filter  the 
separated  lead  sulphate,  wash  with  aqueous  alcobol,  dry, 
ignite,  and  weigh  (p.  49). 

After  the  expulsion  of  the  alcohol  from  the  filtrate,  the 
zinc  in  the  latter  is  determined  either  as  sulphide  or  oxide 
(p.  18). 

Hydrogen  sulphide  may  be  employed  for  the  separation 
of  these  two  metals.  Evaporate  the  nitric  acid  solution 
to  diyness,  take  up  the  residue  with  a  large  quantity  of 
water,  adding  a  few  drops  of  hydrochloric  acid,  and  pre- 
cipitate the  lead  with  the  above  reagent  (p.  30). 


*  In  this  case  the  BiOCI  cannot  be  directly  weighed,  beocause 
in  the  presence  of  sulphuric  or  phosphoric  acids  the  precipitate 
-will  consist  of  compounds  of  bismuth  with  these  acids. 
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Precipitate  tlie  zinc  in  tlie  filtrate  as  sulphide  or  car- 
bonate. 

Alloy  of  Bismuth  and  Copper. 

The  nitric  acid  solution  of  the  alloy  is  evaporated  upon 
a  water-bath,  the  residue  mixed  with  a  few  drops  of  hy- 
drochloric acid  and  a  large  quantity  of  water  added. 
When  the  bismuth  oxychloride  formed  has  subsided,  and 
the  liquid  remains  clear  upon  the  further  addition  of 
water,  transfer  the  precipitate  to  a  weighed  filter,  wash  it 
with  water  slightly  acidulated  with  hydrochloric  acid, 
then  dry  it  at  100°  C.  until  constant  weight  is  obtained. 
BiOCl  :  Bi  :  :  wt.  BiOCl  :  x. 
The  copper  in  the  filtrate  may  be  separated  either  as 
oxide  (p.  14),  sulphide  (p.  15),  or  as  jnetallic  copper. 

For  the  execution  of  the  latter  mode  of  estimation,  con- 
centrate the  filtrate,  placed  in  a  weighed  platinum  dish,* 
by  evaporation,  and  throw  into  the  liquid  a  small  piece  of 
zinc  or  cadmium.f    When  necessary  add  drop  by  drop 
sufiicient  hydrochloric  acid  to  produce  a  moderate  evolu- 
tion of  hydrogen  gas,  and  cover  the  dish  with  a  watch- 
glass.    When  the  reduction  is  complete  (ascertained  by 
the  addition  of  ammonium  hydrate  to  a  portion  of  the 
clear  liquid)  and  all  the  zinc  is  dissolved,  pour  otf  the  fluid 
(when  necessary  through  a  small  filter),  wash  the  copper 
by  decantation  with  boiling  water,  until  the  liquid  ceases 
to  give  a  hydrochloric  acid  reaction.    The  last  traces  of 
water  are  removed  by  rinsing  out  the  dish  with  absolute 
alcohol.    Dry  the  copper  at  100°  C.  and  weigh. 


*  A  porcelain  dish  may  be  used  ;  the  reduction,  however,  will 

then  be  much  slower. 

t  Cadmium  is  preferable  to  zinc,  because  the  latter  generally 
leaves  a  residue  when  dissolved  in  acids. 
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As  caamium  is  not  so  greatly  acted  upon  by  dilute  acids 
as  zinc,  the  same  piece  may  be  repeatedly  employed  for 
reduction.  (Chissen,  Journal  f.prakt.  Chemie,  96,  257.) 

Alloy  of  Copper  and  Tin. 

Bronze. 

Bring  the  alloy  into  a  porcelain  dish  provided  with  a 
cover,  and  pour  over  it  nitric  acid  of  sp.  gr.  1.3,  and, 
when  the  first  action  ceases,  and  there  is  no  longer  any 
visible  decomposition  occurring,  apply  heat.  After  all 
the  tin  has  been  converted  into  stannic  oxide,  evaporate 
the  solution  upon  the  water-bath.  Care  should  be  taken 
to  expel  the  nitric  acid  perfectly,  and  the  cold  residue  is 
then  moistened  -with  a  few  drops  of  nitric  acid,  and  this 
diluted  with  watei*.  After  the  stannic  oxide  has  perfectly 
separated,  filter  the  clear  supernatant  liquid  and  wash  the 
precipitate  with  water,  until  the  washings  no  longer  give 
an  acid  reaction  with  blue  litmus  paper.  The  stannic 
oxide  is  ignited  and  weighed.  (See  p.  54.) 

To  remove  the  cupx-ic  oxide  invariably  adhering  to  the 
stannic  oxide,  mix  the  latter  with  four  to  five  times  its 
quantity  of  equal  parts  of  sodium  carbonate  and  sulphur; 
then  fuse  in  a  porcelain  crucible.  (See  p.  54.) 

The  copper  sulphide  obtained  by  lixiviating  the  fused 
residue  is  ignited  in  a  cun-ent  of  hydrogen  gas,  then  esti- 
mated, and  the  amount  of  cupric  oxide  calculated  from 
the  found  sulphide  is  deducted  from  the  first  weight  of 
stannic  oxide. 

In  the  filtrate  from  the  tin,  the  copper  is  determined  as 
given  above. 

When  the  bronze  contains  lead,  its  precipitation  pre- 
cedes that  of  the  copper.    This  is  effected  by  adding  dilute 
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sulphuric  acid  to  the  solution,  and  then  evaporating.  (See 

Brass,  p.  49.) 

A  second  method  for  separating  copper  from  tin  is  based 
upon  the  precipitation  of  the  latter  with  dilute  sulphuric 
acid.    The  residue  obtained  by  the  evaporation  of  the 
nitric  acid  solution  is  moistened  with  strong  hydrochloric 
acid,  and  after  standing  some  time  (about  half  an  hour), 
mixed  with  water  and  heated  until  all  the  stannic  oxide 
has  been  dissolved.    From  this  solution  of  stannic  chlo- 
ride the  tin  is  precipitated  by  dilute  sulphuric  acid.  When 
the  stannic  oxide  has  fully  settled,  it  is  filtered  and  washed 
with  water  until  nitrate  of  silver  causes  no  cloudiness 
when  added  to  the  washings.    If  more  hydrocliloric  acid 
was  added  to  the  liquid  than  was  required  to  dissolve  the 
stannic  oxide,  it  must  be  diluted  with  a  large  excess  of 
water,  so  that  the  stannic  oxide  will  separate  out  per- 
fectly.    The  liquid  should  then  be  first  filtered,  after 
having  stood  from  twelve  to  twenty-four  hours.  The 
dried  "precipitate  is  repeatedly  ignited  with  the  addition 
of  a  small  piece  of  ammonium  carbonate. 

The  copper  in  the  filtrate  can  be  estimated  after  one 
of  the  methods  already  described. 

Alloy  of  Nickel  and  Copper. 

Nickel  Coins. 

The  residue  obtained  by  the  evaporation  of  the  nitric 
acid  solution  is  dissolved  in  water  ;  this  solution  strongly 
acidified  with  hydrochloric  acid,  and  the  copper  precipi- 
tated by  hydrogen  sulphide.  The  copper  sulphide  is  fil- 
tered, ignited,  and  weighed;  the  precautions  mentioned 
on  p.  48  being  closely  observed. 

The  filtrate  is  boiled  to  expel  the  hydrogen  sulphide, 
and  the  nickel  precipitated  by  the  addition  of  sodium 
hydrate.  (See  p.  23.) 
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Besides  the  two  metals  just  clisposeil  of,  nickel  coins 
frequently  contain  weigliable  quantities  ofiron  and  cobalt, 
which  would  be  precipitated  as  hydrated  oxides  together 
with  the  nickel.  This  being  the  case,  dissolve  the  me- 
tallic nickel  that  has  been  obtained  in  nitric  acid,  and 
very  nearly  neutralize  the  solution  with  ammonium  hy- 
drate ;  then  add  ammonium  carbonate  in  excess.  After 
the  solution  has  been  digested  some  time,  the  precipitate 
of  ferric  oxide  is  filtered  and  dissolved  upon  the  filter  in 
hydrochloric  acid,  and  the  precipitation  with  ammonium 
carbonate  repeated.  By  ignition  in  a  stream  of  hydrogen 
gas,  ferric  oxide  is  converted  into  metallic  iron.  To  esti- 
mate the  cobalt  evaporate  the  filtrate  from  the  ferric 
hydrated  oxide  to  dryness,  expel  all  ammoniacal  salts  by 
gently  igniting  the  residue;  then  dissolve  the  latter  in 
hyth-ochloric  acid,  with  addition  of  a  few  drops  of  nitric 
acid,  and  precipitate  the  cobalt  as  potassium-cobaltic  ni- 
trite, just  as  given  on  page  22. 

The  found  percentages  of  metallic  iron  and  cobalt  are 
deducted  from  the  nickel. 

The  iron  may  also  be  separated  from  the  nickel  and 
cobalt  by  neutralizing  the  acid  solution  with  ammonium 
hydrate,  then  adding  acetate  of  sodium  or  ammonium,  and 
finally  precipitating  with  a  neutral  alkaline  succinate  at 
a  gentle  heat,  and  filtering  the  succinate  of  iron  from  the 
solution  which  contains  the  rest  of  the  metals.  The  pre- 
cipitate of  iron  is  washed  with  cold  water,  then  with  warm 
ammouium  hydrate,  and  by  ignition  converted  into  ferric 
oxide. 


Alloy  of  Copper,  Zinc  and  Nickel. 

The  residual  mass  remaining  after  the  evaporation  of 
the  nitric  acid  is  taken  up  with  water, .the  solution  acidi- 
6 
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fied  with  hydrochloric  acid,  and  hydrogen  sulphide  added 
to  throw  down  the  copper.  (See  p.  48.)  The  filtered 
copper  sulphide  should  be  dissolved  and  the  precipitation 
repeated.   (See  Brass,  p.  50.) 

Boil  the  filtrate  to  fully  expel  the  hydrogen  sulphide 
(finally  adding  a  few  drops  of  nitric  acid),  and  mix  with  it 
so  much  sodium  carbonate  that  merely  the  slightest  trace  of 
free  acid  exists  in  the  solution.  We  can  very  readily  hit  this 
point  if  we  add  sodium  carbonate,  drop  by  drop,  until  a 
precipitate  is  just  produced,  and  this  then  dissolved  in  a 
drop  of  hydrochloric  acid.  Conduct  hydrogen  sulphide  into 
this  (cold)  solution  as  long  as  zinc  sulphide  is  precipitated, 
then  add  a  few  drops  of  a  dilute  sodium  acetate  solution 
and  more  hydrogen  sulphide,  until  the  liquid  is  fuUy  satu- 
rated with  the  gas.  After  standing  twelve  hours,  the  zinc 
sulphide  is  filtered,  washed  and  weighed  (p.  20). 

If  this  mode  of  procedure  is  closely  pursued,  the  zinc 
sulphide  that  is  obtained  is  perfectly  free  from  nickel.  It 
is  advisable  to  redissolve  the  precipitate  and  repeat  the 
precipitation. 

After  boiling  off  the  hydrogen  sulphide  in  the  filtrate,  the 
nickel  is  precipitated  and  determined  as  given  on  page  23. 

When  cobalt  and  iron  are  present,  the  nickel  is  to  be 
separated  from  these.    (See  p.  61.) 

Another  method  of  separation  for  these  metals  depends 
upon  the  deportment  of  a  solution  of  the  cyanides  of  the 
bases  in  potassium  cyanide  with  potassium  sulphide  The 
concentrated  solution  (free  from  hydrogen  sulphide)  of  the 
two  metals  is  mixed  with  an  excess  of  sodium  hydrate, 
and  the  precipitate  formed  dissolved  in  potassium  cyanide, 
and  upon  the  addition  of  potassium  sulphide  only  zinc  sul- 
phide will  be  precipitated. 

The  filtrate  from  the  zinc  sulphide  is  boiled,  and  a  drop 
of  aqua  regia  added  to  decompose  the  potassium-nickel 
cyanide.    The  ebullition  is  continued  until  the  odor  ot 
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hydrocyanic  acid  is  no  longer  perceptible,  and  the  nickel 
then  precipitated  in  the  usual  manner  with  sodium  hydrate. 

As  the  zinc  sulphide  precipitated  by  potassium  sulphide 
readily  retains  some  of  the  precipitant,  it  should  not  be 
directly  weighed,  but  be  again  dissolved  in  hydrochloric 
acid,  and  after  the  removal  of  the  hydrogen  sulphide  the 
zinc  is  precipitated  with  sodium  carbonate  (p.  18). 


Alloy  of  Tin,  Copper,  Lead  and  Zinc. 

If  the  alloy  can  be  pulverized,  mix  a  weighed  portion 
of  the  same  (about  1  grm.)  in  a  porcelain  crucible  with  6 
to  7  times  its  quantity  of  equal  parts  of  sodium  carbon- 
ate and  sulphur,  then  fuse.  The  aqueous  extract  of  the 
fused  mass  contains  the  sodium-tin  sulphide,  while  the 
residue  consists  of  the  sulphides  of  the  other  three  metals. 
The  latter  are  filtered  with  exclusion  of  air,  and  washed 
with  water  containing  hydrogen  sulphide.  From  the 
sodium  sulphide  solution  the  tin  is  thrown  down  and 
estimated  as  in  the  analysis  of  Soft  Solder  (p.  55). 

Dissolve  the  sulphides  of  copper,  lead  and  zinc  in 
aqua  regia,  and  evaporate  the  solution  to  dryness.  The 
methods  may  here  be  employed  which  have  already  been 
given  in  the  analysis  of  Brass  (p.  49). 

If  the  alloy  cannot  be  cut  into  small  pieces,  it  must  be 
oxidized  with  nitric  acid.  The  method  of  procedure  then 
is  analogous  to  that  employed  in  analyzing  Soft  Solder 
(p.  54).  The  residual  stannic  oxide,  however,  always 
contains  weighable  quantities  of  copper  and  lead,  and 
must,  therefore,  be  fused  with  soda  and  sulphur  and  the 
tin  determined  in  the  aqueous  extract  from  the  fused  mass 
(p.  54). 

The  remaining  metallic  sulphides  are  dissolved  in  nitric 
acid,  and  this  then  added  to  the  original  solution.  For 
the  rest,  follow  the  method  given  on  page  49. 
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Alloy  of  Tin,  Lead,  Bismuth  and  Cadmium. 

Wood's  Metal. 

The  residue  that  remains  after  evaporating  the  nitric 
acid  is  moistened  with  a  little  of  the  same  acid,  and  the 
stannic  oxide  that  has  separated  from  the  aqueous  solution 
is  filtered  otf.  (See  Bkonze,  p.  59.)  To  free  the  latter 
from  the  adhering  metallic  oxides  (contains  besides  lead 
a  tolerably  large  quantity  of  bismuthic  oxide)  fuse  the 
washed  precipitate  with  sodium  carbonate  and  sulphur, 
and  precipitate  the  tin  as  sulphide,  according  to  page  55, 
from  the  aqueous  solution  of  the  fused  mass. 

The  insoluble  sulphides  remaining  after  the  treatment 
with  water  are  dissolved  in  nitric  acid,  and  this  solution 
added  to  the  original. 

After  expelling  as  much  acid  as  possible  from  the  solu- 
tion, precipitate  first  the  lead  as  sulphate,  and  then  the 
bismuth  as  oxychloride,  proceeding  in  these  operations  as 
directed  on  page  56. 

The  filtrate  from  the  latter  precipitate  is  concentrated 
by  evaporation,  and  the  cadmium'  thrown  down  by  hydro- 
gen sulphide  gas  as  cadmium  sulphide.  The  precipitate 
is  collected  upon  a  filter,  dried  at  100°  C,  and  weighed, 
and  then  washed  first  with  water  containing  hydrogen  sul- 
phide, to  which  has  been  added  some  hydi-ochloric  acid, 
and  finally  pure  water  is  employed.  The  cadmium  sul- 
phide is  dried  at  100°  C, until  constant  weight  is  obtamed, 
and  from  this  is  then  estimated  the  metallic  cadmium  pre- 
sent—  ^ ,  ^ 
CdS  :  Cd  =  144  :  112. 

Instead  of  estimating  the  cadmium  as  sulphide  it  may 
be  separated  as  carbonate,  and  this  converted  by  ignition 
into  oxide.  The  method  of  procedure  in  this  instance  is 
then  perfectly  similar  to  that  described  in  the  estimation 
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of  zinc  as  oxide  (p.  IB).  In  igniting  the  precipitate, 
care  should  be  taken  to  have  previously  removed  it  per- 
fectly from  the  Hlter.  However,  to  avoid  the  reduction  or 
volatilization  of  any  adherent  cadmium  carbonate  while 
burning  the  filter,  moisten  the  latter  with  a  solution  of 
ammonium  nitrate,  dry,  and  then  incinerate  it  upon  a 
crucible  lid. 

CdO  :  Cd  ==  128  :  112. 


Alloy  of  Tin,  Lead,  Bismuth  and  Mercury. 

The  course  of  analysis  is  similar  to  that  employed  in 
the  preceding  example.  In  the  filtrate  from  the  bismuth 
oxychloride  precipitate  the  mercury  as  sulphide  by  hydro- 
gen sulphide.  The  precipitate  is  collected  as  soon  as  pos- 
sible upon  a  weighed  filter,  washed  with  water,  dried  at 
100°  C,  and  weighed. 

HgS  :  Hg  =  232  :  200. 

To  separate  the  bismuth  from  mercury  according  to  the 
above  directions,  it  is  required  that  the  hitter  be  present 
in  the  solution  as  a  mercuric  compound.  To  be  certain 
that  all  the  mercurous  nitrate  has  been  converted  into 
mercuric  nitrate,  the  digestion  of  the  alloy  with  an  excess 
of  nitric  acid  is  continued  for  some  time. 


Alloy  of  Antimony  and  Tin. 

A  weighed  quantity  of  the  finely  divided  alloy  placed  in 
a  covered  porcelain  dish  is  oxidized  by  the  gradual  addi- 
tion of  strong  nitric  acid  (1.4  sp.  gr.),  and  heat  then  ap- 
plied, after  the  first  action  has  ceased,  until  the  residue 
appears  perfectly  white.  After  evaporation  the  residue  is 
brought  into  a  silver  crucible,  the  last  particles  of  oxide 

6* 
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adhering  to  the  dish  being  rinsed  into  the  crucible  with 
sodium  hydrate,  this  then  evaporated  and  the  residue 
mixed  with  eight  times  its  bulk  of  solid  sodium  hydrate, 
and  fused  for  some  time  at  a  red  heat  over  an  ordinary 
burner.    To  dissolve  out  the  sodium  stannate  that  has 
been  formed,  pour  a  large  quantity  of  hot  water  upon  the 
cooled  mass,  stir  well,  and  when  the  liquid  has  become 
cool  add  one-third  vol.  alcohol  of  0.833  sp.  gr.  After 
the  sodium  antimoniate  remaining  insoluble  has  subsided, 
filter,  washing  the  residue  first  with  a  mixture  of  equal 
volumes  of  water  and  alcohol  of  the  above  strength,  and 
finally  with  three  volumes  alcohol  and  one  volume  water. 

To  the  alcoholic  filtrate  add  hydrochloric  acid  to  acid 
reaction,*  and  precipitate  the  tin  by  hydrogen  sulphide 
as  tin  sulphide.  This  is  finally  estimated  as  oxide.  (See 
p.  55.) 

To  estimate  the  antimony  dissolve  the  sodium  antimo- 
niate upon  the  filter  with  a  mixture  of  equal  parts  of  hy- 
drochloric and  tartaric  acids.  The  solution  is  diluted  with 
water  and  the  antimony  precipitated  as  sulphide.  (See 
p.  52.) 

Alloy  of  Arsenic,  Antimony  and  Tin. 

In  commencing  the  analysis  treat  the  finely  divided 
alloy  precisely  as  in  the  foregoing  example.  Besides  the 
sodium  stannate  the  alcoholic  filtrate  from  the  sodium  an- 
timoniatet  contains  also  the  arsenic  as  sodium  arseniate. 


*  In  case  a  white  precipitate  of  sodium  stannate  separates  out 
on  the  addition  of  tlie  acid,  it  is  not  necessary  to  add  enough  of 
the  latter  to  redissolve  the  former,  but  it  may  be  converted  into 
sulphide  by  leading  hydrogen  sulphide  into  the  solution. 

t  For  the  estimation  of  the  antimony  the  sodium  antimoniate 
is  treated  as  heretofore, 
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The  liquid  is  aguin  mixed  with  hydrochloric  acid,  and 
hydrogen  sulphide  conducted  into  it.  As  the  arsenic 
acid  is  but  slowly  precipitated*  as  arsenic  tersulpliide, 
hydrogen  sulphide  should  be  allowed  to  stream  through 
the  sohition  heated  to  about  70°  C,  for  some  time.  When 
the  precipitation  is  complete,  allow  the  solution  to  stand 
several  hours  in  a  warm  place,  and  expel  the  excess  of 
hydrogen  sulphide  by  passing  carbon  dioxide  through  the 
liquidr  The  sulphides  are  collected  upon  a  weighed  filter, 
and  dried  at  100°  C,  until  constant  weight  has  been  ob- 
tained.f 

To  estimate  the  arsenic  and  tin  in  this  mixture  of  arsenic 
sulphide,  tin  sulphide  and  sulphur,  introduce  a  weighed 
portion  of  the  precipitate  into  a  bulb-tube,  t  connecting  the 
one  limb  of  the  latter  with  a  hydrogen  sulphide  apparatus, 
while  the  other  bending  downwards  dips  into  a  solution  of 
ammonium  hydrate. 

To  guard  against  any  loss  of  arsenic  sulphide  a  second 
absorption  apparatus  partly  filled  with  ammonium  hydrate 
is  placed  before  the  receiver. 

When  the  entire  apparatus  is  filled  with  hydrogen  sul- 
phide, commence  heating  the  contents  of  the  tube  at  first 
gently,  but  gradually  intensifying  the  heat,  as  long  as  a 
coating  of  arsenic  svdphide  is  produced. 

*  Upon  first  passing  hydrogen  sulphide  through  an  acid 
solution  containing  arsenic  acid,  there  is  no  precipitation,  be- 
cause the  HjS  has  a  reducing  effect  upon  the  acid  :  HgAsO^-f 
H,S=H3As03-fS-|-H,0. 

f  In  regard  to  the  filtration  of  the  tin  sulphide,  attention 
should  be  paid  to  what  has  already  been  said  (p.  55). 

%  It  is  very  difficult  to  fill  the  weighed  substance  into  the 
tube  without  suffering  some  loss,  and  it  is  therefore  advisable  to 
first  dry  the  tube  at  100°  C,  and  determine  its  weight,  then 
bring  an  indefinite  amount  of  substance  into  it,  dry  at  the  same 
temperature,  and  reweigh  the  tube. 
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After  the  apparatus  has  cooled  cut  otF  the  bent  limb  of 
the  tube  immediately  behind  the  bulb,  and  dissolve  out 
the  sublimate  contained  in  it  with  warm  dilute  potassium 
hydrate.    Finally,  the  potassium  hydrate  and  the  contents 


of  the  bulb  are  brought  in  a  porcelain  dish  and  evaporated 
to  dryness  upon  a  water-bath.  The  residue  is  carefully 
oxdized  with  fuming  nitric  acid.  Or  hydrochloric  acid 
may  be  poured  directly  upon  the  contents  of  the  bulb,  a 
little  potassium  chlorate  added,  and  heat  applied  until  all 
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the  suspemled  arseiiic  sulpliide  has  been  dissolved— the 
arsenic  existing  in  the  solution  as  arsenic  acid. 

In  both  instances  the  unoxidized  sulphur  that  remains 
behind  should  be  filtered  off,  and  after  the  addition  in  ex- 
cess of  ammonium  hydrate  to  the  filtrate,  throw  down  the 
arsenic  as  ammon-magnesium  arseniate.  The  precipitation 
and  washing  of  the  precipitate  is  executed  as  given  in  the 
determination  of  phosphoric  acid.  (See  Sodium  Phosphate 
—direct  determination  of  the  phosphoric  acid,  p.  25.) 
The  precipitate  may  be  either  dried  at  105°-110°  C.  npon 
a  weighed  filter,  and  then  weighed,  or  by  gradual  heating 
it  may  be  converted  into  magnesium^arseniate. 

In  the  latter  case  the  precipitate  is  transferred  to  a  por- 
celain crucible,  the  filter,  after  being  moistened  with  am- 
monium nitrate,  incinerated  upon  a  platinum  wire,  and  the 
whole  then  heated  at  first  in  an  air-bath  to  130°  C,  the 
temperature  being  gradually  increased  to  400°  C.  After 
continuing  this  several  hours  until  all  the  ammonia  has 
been  volatilized,  the  contents  of  the  crucible  are  gradually 
more  strongly  ignited,  finally  to  intense  redness. 

The  precipitate  dried  at  100°  C.  has  the  composition 
MgNH^AsO,  +  H,0 ; 
the  ignited  precipitate  is 


Mg,As,0,. 


The  tin  sulphide  remaining  in  the  tube  after  the  decom- 
position is  converted  into  oxide*  by  emptying  it  into  a 
porcelain  crucible,  moistening  with  a  few  drops  of  nitric 
acid,  and  then  applying  heat,  at  first  gently,  then  gradu- 
ally raising  it  to  a  bright  redness  (p.  55). 

If  a  bulb-tube  of  difiicultly  fusible  glass  has  been  em- 
ployed in  the  operation,  the  tin  sulphide  may  be  converted 


*  The  tin  sidphide  contains  variable  quantities  of  sulplnn-, 
and  therefore  cannot  be  determined  in  this  form. 
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into  oxide  by  igniting  the  former  strongly,  and  passing  a 
current  of  air  over  it. 

Another  method  of  separation  for  these  three  metals  is 
based  upon  the  fact  that  from  a  potassium  sulphide  solution 
of  their  sulphides,  sulphurous  acid  will  precipitate  the  an- 
timony and  tin  as  sulphides,  while  the  arsenic  will  remain 
in  the  solution  as  potassium  arsenite.  The  alloy  is  pre- 
viously oxidized  with  nitric  acid,  then  evaporated  to  dry- 
ness, and  the  residue  digested  with  potassium  sulphide 
until  perfect  solution  has  been  effected.  The  solution  is 
now  mixed  with  a  large  excess  of  aqueous  sulphurous  acid, 
and  the  whole  digested  for  some  time  upon  the  water- 
bath,  and  finally  boiled  to  expel  all  the  sulphurous  acid, 
and  the  liquid  reduced  to  one-third  its  original  volume. 

The  sulphides  of  antimony  and  tin  are  filtered  off,  and 
separated  as  directed  on  page  65. 

The  filtrate  is  acidified  with  hydrochloric  acid,  and  the 
arsenic  precipitated  by  means  of  hydrogen  sulphide.  The 
arsenic  tersulphide  is  filtered  and  dissolved  in  hydrochloric 
acid  upon  the  addition  of  potassium  chlorate,  and  deter- 
mined as  ammon-magnesium  arseniate  as  already  above 
described. 


Cassiterite. 

Tin  Stone. 

Composition.— ^is.nn\c  oxide  together  with  small  quan- 
tities of  ferric  oxide. 

The  method  of  analysis  to  be  employed  here  readily  fol- 
lows from  what  has  already  been  given.  As  the  mineral 
is  not  attacked  by  acids,  a  weighed  portion  of  it  should 
be  dried  at  100°  C,  then  fused  in  a  porcelain  crucible  with 
eight  times  its  quantity  of  sodium  carbonate  and  sulphur. 
The  fused  mass  after  becoming  cool  is  treated  with  water, 
and  the  tin  which  has  passed  into  solution  in  the  form  of 
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sodium-tin  sulphide  may  be  precipitated  and  determined 
as  heretofore  directed.  Generally,  after  the  treatment  of 
the  fused  mass  with  water,  there  remains  a  slight  black 
residue  of  iron  sulphide,  which  is  filtered,  washed  with 
water  containing  hydrogen  sulphide,  and  then  dissolved 
in  hydrochloric  acid  with  addition  of  some  nitric  acid. 
Upon  the  addition  of  ammonium  hydrate  to  this  solution 
the  iron  is  precipitated  as  hydrated  oxide  of  iron.  (See 
p.  24.) 

Siderite. 

Composition  Ferrous  carbonate  together  with  man- 

ganous,  calcium  and  magnesium  carbonates. 

Estimation  of  the  Iron,  Manganese,  Calcium  and  Mag- 
nesium A  weighed  portion  of  substance*  (1.5-2  grms.), 

dried  at  100°  C,  is  placed  in  a  well-covered  porcelain 
dish  and  dissolved  by  the  addition  of  hydrochloric  acid. 
"When  insoluble  gangue  remains  the  solution  is  diluted 
with  water  and  filtered,  and  the  weight  of  the  gangue 
determined  by  ignition  in  a  platinum  crucible. 

To  separate  iron  from  manganese  and  the  alkaline 
earths,  after  either  of  the  subjoined  methods,  it  is  required 
that  the  iron  exist  in  the  ferric  state,  whilst  the  manganese 
should  be  present  in  the  form  of  protoxide.    The  conver- 

*  In  the  analysis  of  ores  and  furnace  products  it  is  necessary 
to  first  obtain  a  good  average  sample.  The  ores,  etc.,  are  re- 
duced to  small  pieces  the  size  of  a  pea  in  an  iron  mortar,  and 
the  sample  then  uniformly  spread  out.  A  small  portion  of  the 
rather  finely  divided  substance  is  removed  with  a  spatula  or 
spoon,  placed  in  an  iron  mortar  and  rubbed  to  a  fine  powder. 
With  this  sample  proceed  as  is  generally  done,  grinding  it  in 
an  agate  mortar  until  no  hard  pieces  are  any  longer  noticed 
with  the  pestle. 
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sion  of  the  ferrous  chloride  in  the  solution  into  ferric 
chloride  may  be  effected  by  the  addition  of  a  sufficient 
quantity  of  concentrated  nitric  acid  to  the  liquid,  and 
heating  until  the  latter  has  assumed  a  pure  yellow  color. 
Pulverized  potassium  chlorate  may  be  substituted  for  nitric 
acid  in  the  oxidation.    To  the  perfectly  cool  and  strongly 
diluted  liquid*  add  first  an  excess  of  ammonium  chloride, 
then  neutralize  the   greater   portion  of  the  free  acid 
with  ammonium  hydrate,  finally  with  a  dilute  solution  of 
ammonium  carbonate.    The  precipitate  produced  by  this 
last  reagent  disappears  at  first  promptly  when  the  liquid 
is  stirred,  but  gradually  more  slowly,  then  add  ammonium 
carbonate,  drop  by  drop,  until  the  liquid,  after  some 
standing,  becomes  somewhat  turbid.    If,  however,  too 
much  ammonium  carbonate  has  been  added,  and  the  pre- 
cipitate produced  remains,  mix  in  acetic  acid,  drop  by 
drop,  and  allow  it  sufficient  time  to  act,  so  that  the  preci- 
pitate may  be  dissolved  by  the  least  possible  quantity  ol 

acetic  acid.  . 

The  solution  is  now  brought  to  boiling  and  continued 
in  ebullition  until  the  carbon  dioxide  has  been  com- 
pletely expelled.  The  separated  precipitate  of  basic  ferric 
oxide  subsides  very  rapidly,  and  may  be  very  quickly 
washed  by  decantation  with  hot  water.  At  the  close  ol 
the  operation  add  a  few  drops  of  ammonium  hydrate  to 

the  wash-water. 

If  the  liquid  had  not  been  exactly  neutrahzed,  or  it  too 
much  acetic  acid  had  been  employed  to  effect  the  solution 
of  the  precipitate  produced  by  ammonium  carbonate,  a 
portion  of  the  ferric  oxide  may  remain  in  solution,  which 
would  be  indicated  by  the  yellow  coloration  of  the  super- 
natant liquid.    This  being  the  case,  add  ammonium  hy- 

*  The  separation  from  mangauese  is  only  a  success  when  the 
quantity  of  iron  dissolved  in  a  litre  is  at  the  highest  3.4  gnus. 
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drate,  drop  by  drop,  to  slight  alkaline  reaction,*  stir  well, 
and  allow  the  precipitate  to  subside. 

The  precipitate  of  ferric  oxide  must  be  waslied  until 
the  addition  of  silver  nitrate  to  the  filtrate  causes  no 
cloudiness,  then  dried,  ignited,  and  weighed  (p.  24). 

Another  and  much  better  method  for  the  separation  of 
iron  from  manganese  is  based  upon  the  precipitation  of  a 
dissolved  ferric  salt  as  basic  ferric  acetate.  The  solution 
of  tlie  ferric  salt  is  neutralized  with  sodium  carbonate, 
proceeding  just  as  in  the  neutralization  with  ammonium 
carbonate,  and  then  adding  sodium  or  ammonium  acetate  in 
somewhat  of  an  excess.  The  solution  is  heated  to  boiling, 
causing  the  iron  to  be  precipitated  as  basic  ferric  acetate, 
whilst  the  manganese  (and  the  alkaline  earths)  remain 
dissolved.  The  rest  is  the  same  as  in  the  preceding 
method. 

The  filtrate  from  the  iron  should  be  acidified  with  hy- 
drochloric acid,t  then  concentrated  by  evaporation  and 
the  manganese  precipitated  as  sulphide.  The  liquid  is 
placed  in  a  flask  of  about  200  C.  C.  capacity,  mixed  with 
ammonium  hydrate  to  alkaline  reaction,  and  then  ammo- 
nium sulphide  in  slight  excess  added.  | 

Fill  the  flask  almost  full  with  water  (best  boiled)  and 

*  An  excess  of  ammonium  hydrate  should  be  avoided,  since, 
if  allowed  to  stand  a  while,  manganic  hydi-ated  oxide  is  apt  to 
separate. 

t  Hydrochloric  acid  is  merely  added  to  prevent  the  separa- 
tion of  manganic  hydi'ate. 

f  For  precipitation  employ  yellow  ammonium  sulphide  free 
of  dissolved  sulphur,  or  some  that  has  not  been  decomposed  by 
the  action  of  the  air.  When  the  solution  of  the  manganese 
salt  that  is  to  be  precipitated  contains  a  proportionately  large 
quantity  of  ammonium  hydrate,  the  precipitation  of  the  man- 
ganese can  be  totally  prevented  if  ammonium  sulphide  contain- 
ing polysulphides  is  employed. 
'7 
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allow  twelve  hours  for  the  manganese  sulphide  to  settle. 
It  is  then  filtered  and  washed  with  water  containing  am- 
monium cldoride  and  sulphide  (then  proceed  as  directed 
on  page  22),  ignited  and  weighed. 

The  filtrate  from  the  manganese  sulphide  is  acidified 
with  hydrochloric  acid,  warmed  until  the  liquid  becomes 
clear,  and  the  separated  sulphur  then  filtered  off.  Satu- 
rate the  solution  with  ammonium  hydrate  and  precipitate 
the  calcium  as  oxalate  (p.  13),  and  the  magnesium  in  the 
filtrate  throw  down  as  magnesium-ammonium  phosphate 
(p.  16). 

[Or,  instead  of  precipitating  the  manganese  as  sulphide, 
it  may  be  removed  from  the  solution  by  adding  bromine 
water  to  the  rather  dilute  acetate  solution.  The  manga- 
nese present  will  fall  down  as  binoxide.  The  solution 
should  be  heated  after  adding  the  bromine,  and  the  liquid 
then  allowed  to  stand  some  hours  before  filtering.  Wash, 
first  by  decantation,  then  upon  the  filter.  It  may  now  be 
directly  ignited  or  redissolved  and  precipitated  by  sodium 
carbonate  and  determined  as  protosesquioxide. ,  In  the 
filtrate  determine  the  calcium  and  magnesium  as  above 
directed.] 

When  rather  large  quantities  of  calcium  are  present  in 
the  siderite,  it  is  not  advisable  to  first  precipitate  the  man- 
ganese by  ammonium  sulphide,  because  the  alkaline  solu- 
tion readily  absorbs  carbon  dioxide  and  calcium  carbonate 
will  be  admixed  with  the  manganese  sulphide.    The  pre- 
cipitation of  the  calcium  as  oxalate,  therefore,  here  pre- 
cedes that  of  the  manganese.    The  filtrate  from  the  ferric 
oxide,  concentrated  by  evaporation,  is  mixed  with  ammo- 
nium hydrate  to  alkaline  reaction,  then  rendered  slightly 
acid  by  acetic  acid,  and  ammonium  oxalate  added.  In 
the  filtrate  from  the  calcium  oxalate  precipitate  first  the 
manganese,  and,  after  destroying  the  ammonium  sulphide 
with  hydrochloric  acid,  remove  the  magnesium,  as  above 
directed. 
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The  carbon  dioxide  is  determined  after  the  method 
given  at  page  33,  and  the  water  according  to  page  3G.  For 
both  analyses  the  substance  should  have  been  dried  at 
100°  C. 

Instead  of  estimating  the  iron  from  the  ferric  oxide 
obtained,*  it  is  preferable,  particularly  when  the  ascertain- 
ment of  the  amount  of  iron  is  solely  regarded,  to  employ 
the  volumetric  method  of  determination,  which  is  excel- 
lent, both  on  account  of  its  rapid  as  well  as  sure  exe- 
cution. 

This  method  depends  upon  the  following  principle  :  If 
potassium  permanganate  is  added  to  the  acid  solution  of  a 
ferrous  salt,  the  latter  will  be  converted  into  ferric  oxide, 
and  the  color  of  the  permanganate  will  disappear  as  long 
as  ferrous  oxide  remains  in  the  liquid. 

10FeO4-MnP,^2MnO-f  öFe.Oj,  or 

lOFeSO,  +  2KMnO,  +  8H,SO,=:5Fe,(SOj3  -f  K,SO,+ 

2MnSO,+8H,0 
As  soon  as  the  oxidation  is  complete,  the  first  drop  of 
permanganate  in  excess  will  produce  a  distinct  rose-red 
coloration. 

The  estimation  of  the  iron  after  this  method  is  so  exe- 
cuted that,  to  the  liquid  containing  it  in  the  ferrous  con- 
dition, permanganate  is  added  from  a  burette  until  a  per- 
manent, slight  red  coloration  is  imparted  to  the  solution. 

Since,  in  this  process,  the  permanganic  acid  is  reduced 
to  manganous  oxide,  the  iron  solution  must  always  contain 
a  certain  amount  of  free  acid,  to  retain  in  solution  the 
manganous  oxide.  As  a  permanganate  solution,  a  liquid 
is  employed  which  contains  approximately  5.65  grms. 

*  The  direct  gravimetric  estimiition  of  the  obtained  ferric 
oxide  only  affords  a  correct  result  when  alumina  and  phosphoric 
acid  are  not  at  the  same  time  present,  as  they  would  also  be 
mixed  with  the  precipitate. 
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crystallized  permanganate,  dissolved  in  1  litre  of  water. 
1  C.  C.  of  this  solution  about  corresponds  to  0.01  grm.  of 
metallic  iron.  As  the  solution  is  not  absolutely  stable,  no 
definite  strength  is  assigned  it.  This  is  ascertained  imme- 
diately before  being  employed. 

Fig.  5. 


Standardizing  the  Potassium  Permanganate — Weigh 
off  about  0.2  grm.  thin,  clean,  piano  wire,  dissolving  it, 
placed  in  a  flask  of  about  200-300  C.  C,  in  dilute  sul- 
phuric acid,  with  application  of  heat.    To  prevent  the 
oxidation  of  any  of  the  ferrous  salt  produced  during  the 
operation,  there  is  secured  upon  the  neck  of  the  flask  a 
caoutchouc  valve,  which  permits  the  exit  of  vapors,  but 
prevents  their  entrance.    Or,  while  the  solution  is  being 
eifected,  a  stream  of  carbon  dioxide  is  conducted  through 
the  liquid  to  hinder  the  oxidation  of  the  ferrous  salt. 
When  the  solution  is  finished,  dilute  the  liquid  with  water 
(boiled  water  is  best),  adding  afterwards  dilute  sulphuric 
acid.    The  permanganate  solution  is  now  passed  in  from 
a  burette,  until  its  color  begins  to  disappear  rather  slowly, 
when  it  is  added  drop  by  drop,  until  the  liquid  has  ac- 
quired a  light  rose-red  coloration.    To  better  perceive 
this,  place  a  piece  of  white  paper  beneath  the  flask. 
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Read  off  upon  the  burette  the  number  of  C.  C.  perman- 
ganate that  have  been  used.  If  a  equals  the  wcigl.ed 
amount  of  iron  wire,  t  the  C.  C.  permanganate  used,  then 

1  C.  C.  of  the  latter  will  correspond  to  "  grm.  iron. 

As  the  piano  wire  is  not  absolutely  chemically  pure, 
containing  upon  an  average  about  0.4  per  cent,  carbon, 
therefore  the  weighed  quantity  of  it  must  be  multiplied 
by  0.996,  to  ascertain  the  actual  amount  of  iron  present. 
0.2  grm.  piano  wire,  therefore,  contains  0.1992  grm.  pure 
iron. 

In  place  of  the  iron,  in  standardizing  the  permanganate, 
ferrous-ammonium  sulphate  may  be  employed.  As  the 
iron  in  this  salt  is  exactly  \  of  its  weight,  in  this  case  1 

C.  C.  of  permanganate  would  =      grm.  iron. 

For  the  determination  of  the  amount  of  iron  in  siderite 
proceed  first  as  was  done  in  standardizing  the  solution. 
The  requirement  is,  that  all  iron  be  present  in  the  ferrous 
state.  Further,  that  the  liquid  to  be  titrated  contains 
neither  free  hydrochloric  nor  nitric  acid.* 

Dissolve  0.2-0.4  grm.  (depending  upon  the  amount  of 
iron  in  the  mineral)  in  hydrochloric  acid,  and  evaporate 
the  solution  to  dryness  on  a  water-bath.  The  residue  is 
saturated  with  an  excess  of  dilute  sulphuric  acid,  heated 
and  then  diluted  with  a  large  quantity  of  water.  When 
a  large  amount  of  insoluble  silicic  acid  is  present,  it  should 
be  first  filtered,  in  order  that  the  final  reaction  may  be 
better  observed.    As  a  portion  of  the  ferrous  oxide  is  con- 


*  Hydrochloric  acid  has  a  direct  decomposing  effect  upon 
potassium  permanganate :  — 

KMnO,-+-  8HC1=  HCl  -f  MnCl,  -H  5C1  +  4H,0. 
It  is  obvious  that  neither  oxidizing  compounds  nor  organic  sub- 
stances decomposing  permanganate  should  be  present. 

7* 
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verted  into  ferric  oxide  while  etfecting  solution  and  the 
evaporation  of  the  liquid  (siderite  may  also  contain  ferric 
compounds),  the  latter  must  be  again  reduced  to  the  fer- 
rous state.  To  this  end  throw  small  pieces  of  zinc  into 
the  warm  solution  ;  they  will  be  dissolved  with  liberation 
of  hydrogen  gas. 

During  the  process  of  the  reduction  of  the  ferric  to 
ferrous  oxide  the  yellow  color  of  the  solution  gradually 
disappears,  and  eventually  it  becomes  colorless.  The  re- 
duction may  be  hastened  by  a  continual,  gentle  heating  of 
the  liquid.  When  the  disengagement  of  the  gas  has  grown 
weaker,  add  more  dilute  sulphuric  acid. 

Just  as  soon  as  the  liquid  has  become  colorless  and  all 
the  zinc  has  passed  into  solution,  without ,  cooling  the 
latter  add  potassium  permanganate  .until  the  final  reaction 
is  observed. 

By  throwing  a  piece  of  platinum  wire  or  foil  into  the 
liquid  simultaneously  with  the  zinc,  the  reduction  is  more 
rapid  than  with  pure  zinc. 

Potassium  permanganate  may  also  be  employed  for  the 
estimation  of  ferrous  oxide  in  the  presence  of  ferric  oxide. 
Dissolve  a  weighed  portion  of  the  substance  with  exclusion 
of  air  (either  in  the  above-figured  apparatus  supplied  with 
a  Bunsen  valve  or  by  allowing  a  current  of  carbon  dioxide 
to  stream  over  it),  and  the  liquid  may  then  be  directly 
employed  in  estimating  the  amount  of  ferrous  oxide. 

A  second  portion  of  the  dissolved  mineral  is  reduced 
with  zinc  and  the  entire  amount  of  iron  then  estimated 
with  permanganate.  From  the  amount  of  permanganate 
used  in  both  experiments  the  quantity  of  ferrous  and  ferric 
oxides  may  be  readily  calculated. 

If  hydrochloric  acid  is  required  for  the  decomposition 
of  the  substance,  the  greater  portion  of  it  should  after- 
wards be  expelled,  and  during  this  operation  a  current  of 
carbon  dioxide  should  be  allowed  to  pass  over  the  liquid. 
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The  titration  should  then  occur  in  :i  cold  solution,  strongly 
diluted  witli  wiiter. 

Anotiier  method  for  the  oxidation  of  ferrous  oxide,  al- 
lowing the  use  of  hydrochloric  acid  solutions,  consists  in 
oxidizing  the  ferrous  oxide  with  chromic  acid. 

With  ferrous  salts,  Chromates  are  so  decomposed  that 
ferric  compounds  are  formed,  and  the  chromic  acid  is  re- 
duced to  oxide. 

2H,CrO,  +  6FeO  =  Cr,0,  +  3FeA  +  SH^. 

A  liquid  containing  4.919  grms.  dry  potassium  Chro- 
mate, dissolved  in  1  litre  of  water,  is  employed  as  a 
normal  solution.  For  standardizing  the  solution,  an  in- 
definite amount  of  iron  or  ferrous-ammonium  sulphate  is 
weighed  off,  this  dissolved  in  hydrochloric  acid,  and  to  it 
added  a  solution  of  potassium  bichromate,  until  all  the 
ferrous  oxide  has  been  converted  into  ferric  oxide.  Fer- 
ricyanide  of  potassium  serves  as  an  indicator.  The  final 
reaction  is  ascertained  by  placing  a  drop  of  the  liquid  upon 
a  porcelain  plate,  and  adding  to  it  a  drop  of  ferricyanide 
of  potassium.  As  long  as  a  blue  precipitate,  or  blue  colora- 
tion, is  produced,  feri-ous  salts  are  still  present.  The 
Chromate  solution  is  added  until  the  coloration  no  longer 
occurs. 

Hematite. 

The  pure  mineral  consists  of  ferric  oxide,  water,  and 
gangue,  insoluble  in  acids,  and  besides  weighable  quan- 
tities of  manganic  oxide,  alumina,  calcium,  magnesium, 
phosphoric  and  sulphuric  acids  are  some  of  its  general 
constituents.* 


*  Is  there,  which  is  seldom  the  case,  a  determinable  amount 
of  copper  present,  it  is  precipitated  as  sulphide  from  the  hydro- 
chloric iiciil  .Solution  (p.  4  7).     In  the  first  precipitation  it  gene- 
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Wlien  the  hematite  contains  merely  the  first-mentioned 
constituents,  all  that  is  necessary  to  estimate  the  ferric 
oxide,  is  to  dissolve  in  fuming  hydrochloric  acid^  from 
0.2  to  0.3  grm.  substance,  finely  pulverized  and  dried  at 
100°  C,  and  determine  the  iron,  after  previous  reduction 
to  protoxide,  after  the  method  given  in  the  analysis  of 
Siderite. 

Another  volumetric  method  for  the  determination  of 
iron,  which  can  only  be  employed  provided  the  solution 
contains  the  iron  in  the  ferric  state,  depends  upon  the  re- 
duction of  the  ferric  oxide  by  a  stannous  chloride  solution 
of  known  strength. 

Stannous  chloride  decomposes  ferric  chloride  to  ferrous 
chloride  and  stannic  chloride  : — 

Fe^Clo  +  SnCl,  =  SnCl,  -\-  (FeCl,),. 
The  excess  of  stannous  chloride  added  is  determined  by 
a  solution  of  iodine  in  potassium  iodide. 

2SnCl,  +  21  =  SnCl,  +  SnI,. 
If  starch  paste  has  previously  been  added  to  the  liquid, 
the  end  of  the  reaction,  when  all  the  stannous  chloride  has 
been  converted  into  stannic  chloride  and  iodide,  wiU  be 
indicated  by  the  appearance  of  starch  iodide,  which  will 
impart  a  distinct  blue  coloration  to  the  liquid. 

For  the  execution  of  this  method  there  is  required  :— 
1  A  solution  of  ferric  chloride  of  known  strength. 
This  may  be  prepared  by  dissolving  10.04  grms.  thin 
piano-forte  wire  (see  the  standardizing  of  the  permanga- 
nate solution)  in  hydrochloric  acid,  and  gradually  addmg 
pulverized  potassium  chlorate  for  the  conversion  of  ferrous 
to  ferric  oxide.  Finally  the  solution  is  boiled  to  expel  all 
the  chlorine  present,  and  after  cooling  diluted  to  1  litre. 

rally  contains  iron,  and  should,  therefore,  be  dissolved  and 
reprecipitated. 
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2.  A  Stannous  chloride  solution,  which  maybe  prepared 
by  dissolving  about  15  grins,  of  tin  in  hydrocliloric  acid. 

3.  A  solution  of  iodine  in  potassium  iodide.  This  may 
be  made  by  dissolving  about  5  grms.  iodine  in  potassium 
iodide,  and  diluting  to  1  litre. 

The  ratio  of  the  stannous  chloride  solution  to  the  iodine 
solution  may  now  be  determined  by  measuring  off  about 
2  C.  C.  stannous  chloride,  adding  a  few  drops  of  thin  starch 
paste,  and  allowing  an  iodine  solution  to  pass  in  drop  by 
drop  from  a  burette,  until  the  liquid  becomes  blue.  The 
number  of  C.  C.  required  is  noted. 

To  fix  the  ratio  of  the  stannous  chloride  to  that  of  the 
ferric  chloride,  measure  off  about  10  C.C.  of  the  latter  in 
a  small  flask,  and  to  the  boiling  liquid  add  from  a  burette 
stannous  chloride,  until  the  yellow  liquid  has  become  per- 
fectly colorless.  After  the  solution  is  cool,  mix  starch 
paste  with  it  and  determine  the  excess  of  stannous  chlo- 
ride by  means  of  iodine. 

As  the  ratio  of  the  stannous  chloride  solution  to  that  of 
the  iodine  has  been  previously  determined,  the  actually  used 
C.  C.  of  the  stannous  chloride  necessary  for  the  reduction 
of  the  ferric  solution  can  be  easily  calculated,  by  deducting 
from  the  used  stannous  chloride  that  calculated  from  the 
iodine  solution  that  had  been  added.  As  stannous  chlo- 
ride gradually  oxidizes  upon  preservation,  its  strength 
must  be  ascertained  upon  every  occasion  when  it  is  used. 
In  order  to  avoid  this  oxidation  Möhr  proposed  to  pre- 
serve it  under  a  petroleum  layer  (about  10  mm.  deep). 
The  most  practical  arrangement  of  a  flask  serving  for  this 
purpose  is  pictured  in  Fig.  6. 

The  determination  of  ferric  oxide  in  hematite  is  exe- 
cuted exactly  as  in  the  standardizing  of  the  solution. 

The  gangue  or  matrix  in  hematite,  which  is  insoluble  in 
hydrochloric  acid,  should  be  ignited  in  a  platinum  crucible 
and  weighed. 
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If  the  portion  of  substance  dried  at  100°  C.  continues 
to  lose  water  upon  stronger  ignition,  this  may  be  readily 
estimated  by  glowing  gently. 

Fig.  6 


If  the  mineral  contains  the  above-mentioned  admixtures, 
the  silicic  acid,  manganese,  calcium  and  magnesium  may 
be  estimated  as  directed  in  the  analysis  of  Siderite  (p.  71). 

The  ferric  oxide  separated  from  manganese  contains 
also  some  silicic  acid,  together  with  all  the  alumina  and 

phosphoric  acid. 

The  silicic  acid  and  alumina  in  the  ignited  and  weighed 
precipitate  may  be  estimated  by  fusing  the  latter  in  a 
platinum  crucible  with  5-6  times  its  quantity  of  potassium 
hydrosulphate  (acid  sulphate  of  potassium),  increasing  the 
heat  gradually  to  a  strong  red  glow,  and  then  extracting 
the  cooled  fused  mass  with  water.  The  residual  silicic 
acid  is  filtered  oflP,  and  weighed  after  ignition. 
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The  quantity  of  alumina  is  found  when  the  rest  of  tlie 
silicic  acid,  the  phosphoric  acid,  and  the  directly  deter- 
mined (volumetrically)  iron  have  been  subtracted  from 
the  weighed  precipitate  of  ferric  oxide. 

The  estimation  of  tlie  pliosphoric  acid  is  best  executed 
in  another  portion  (5-10  grnis.)  of  the  dried  substance. 
The  finely  pulverized  substance  is  digested  with  nitric 
acid*  to  perfect  decomposition,  evaporated  to  dryness,  and 
the  residue  warmed  with  dilute  nitric  acid.  After  dilution 
with  water,  filter  oflf  the  silica  and  precipitate  the  phos- 
phoric acid  by  ammonium  molybdate  (see  p.  25). 

When  the  mineral  cannot  be  perfectly  decomposed  by 
nitric  acid,  mix  it  with  six  times  its  quantity  of  a  mixture 
of  6  parts  sodium  carbonate  and  l-^  parts  silica  ;  then  fuse 
in  a  platinum  crucible  for  about  one-half  hour — not  allow- 
ing the  temperature  to  become  too  great.  The  aqueous 
extraction  of  the  fused  mass  contains  all  the  phosphoric 
acid.  When  manganese  is  present  in  large  quantities, 
potassium  manganate  wäll  be  dissolved,  and  the  solution 
have  a  green  coloration  imparted  to  it ;  now  add  a  few 
drops  of  alcohol,  and  warm  ;  filter  the  colorless  liquid,  and 
wash  the  residue  with  water  containing  some  sodium  car- 
bonate. 

Hydrochloric  acid  is  gradually  added  to  acid  reaction 
to  the  alkaline  solution,  and  the  whole  heated  until  the 
carbon  dioxide  has  been  expelled,  and  the  liquid  then 
evaporated  to  di-yness  to  cause  the  separation  of  the  silicic 
acid.  Dissolve  the  residue  in  water,  filter,  and  precipitate 
the  phosphoric  acid  by  the  addition  of  ammonium  molyb- 
date (p.  25). 

Determine  the  sulphuric  acid  by  fusing  a  weighed  por- 
tion of  the  mineral  with  an  equal  quantity  of  sodium  car- 


*  The  liquid  from  which  the  phosphoric  acid  is  to  be  pre- 
cipitated should  not  contain  any  liydrochloric  acid. 


84  LIMONITE. 

bonate,  dissolving  the  fused  mass  with  water,  and,  after 
separating  out  tlie  silicic  acid  (see  above),  precipitate  the 
filtrate  with  barium  chloride. 

The  determination  of  the  sulphuric  acid  in  the  hydro- 
chloric or  nitric  acid  solution  affords  less  accurate  results, 
because,  upon  the  one  hand,  the  barium  sulphate  invariably 
contains  iron,  while,  upon  the  other,  it  is  more  or  less 
soluble  in  ferric  chloride. 

In  estimating  the  water  in  hematite  containing  the  alka- 
line carbonates,  care  must  be  taken  not  to  determine  it  by 
loss,  but  it  should  be  directly  estimated  (p.  36). 


Limonite. 


CoynposÜion.—Rjärdied  ferric  oxide,  with  manganic 
oxide,  alumina  (calcium  oxide,  magnesia),  phosphoric 
acid,  silicic  acid,  sulphuric  acid,  and  gangue  insoluble  in 
acids. 

For  the  estimation  of  the  manganese,  alumina,  calcium 
oxide,  magnesia,  silicic  acid,  and  gangue,  dissolve  the  pul- 
verized and  dried  (at  100°  C.)  mineral  in  fuming  hydro- 
chloric acid  ;  and  to  separate  the  silicic  acid  evaporate  the 
solution  to  dryness.  Moisten  the  residue  with  hydrochloric 
acid,  warm  gently,  then  dilute  with  water  and  filter  off 
the  silicic  acid  and  gangue. 

The  oxides  in  solution  are  determined  as  directed  under 

Siderite. 

When  it  is  particularly  desirable  to  determine  the  quan- 
tity  of  silica  found  together  with  the  gangue,  boil  the 
residue  obtained  above  for  some  time  in  a  platinum  dish 
with  sodium  carbonate,  transferring  the  insoluble  residual 
gangue  to  a  filter,  weigh,  and  dry  at  100°  C.  The 
gangue  should  at  first  be  washed  with  boiling  water,  then 
Avith  water  acidulated  with  hydrochloric  acid,  and,  finally, 
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with  pure,  water.    Dry  the  residue  at  100°  C,  until  the 
weight  becomes  constant. 

The  silicic  aciil,  dissolved  by  the  sodium  carbonate,  is 
determined  by  acidifying  the  solution  with  hydrochloric 
acid,  and  evaporating  it  to  dryness.  Moisten  the  perfectly 
dry  residue  with  liydrochloric  acid,  dilute  with  water,  and 
filter  off  the  remaining  insoluble  silica.  After  washing 
with  hot  water,  ignite  it  strongly  in  a  platinum  crucible, 
and  weigh. 

In  determining  the  iron,  proceed  after  page  75  or  page  80. 
Phosphoric  and  sulphuric  acids  are  determined  as  in 
Hematite. 

The  water  is  ascertained  either  by  ignition  or  after  page 
3G,  in  the  presence  of  alkaline  carbonates. 

Clay  Iron  Ore. 

Composition  Ferric  oxide,  alumina,  and  water. 

When  this  mineral  is  completely  soluble  in  hydrochloric 
acid,  ^.  e.,  when  the  argillaceous  residue  after  digestion 
with  hydrochloric  acid  is  free  from  ferric  oxide,  the  latter 
may  be  best  determined  volu metrically  according  to  page 
80.  The  insoluble  residue  is  then  filtered  off,  washed, 
ignited,  and  weighed. 

Should  it  happen  that  the  iron  cannot  be  perfectly  ex- 
tracted by  digestion  with  hydrochloric  acid,  the  mineral 
must  then  be  decomposed  by  fusion.  The  finely  pulverized 
substance  is  mixed  with  4-5  times  its  quantity  of  sodium 
carbonate  (or  a  mixture  of  5  parts  sod.  carbonate  and  7 
parts  potassium  carbonate),  then  fused.  After  cooling, 
dissolve  the  residue  in  hydrochloric  acid,  determining  the 
iron  volumetrically. 

When  calcium  and  magnesium  are  present  in  the  mine- 
ral, they  are  estimated  as  directed  on  page  71. 
8 
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The  water  is  determined  by  loss,  the  air-dried  substance 
being  ignited. 

Magnetite. 

Magnetic  Iron. 

Composition  Ferrous  and  ferric  oxides.  The  analysis 

may  be  variously  executed. 

First  Method  Dissolve  a  weighed  amount  of  the  ex- 
ceedingly finely  pulverized  substance  in  hydrochloric  acid, 
in  a  cm-rent  of  carbon  dioxide  gas,  and  then  determine  the 
ferric  oxide  with  stannous  chloride. 

A  second  portion  of  the  substance  is  dissolved  in  hydro- 
chloric acid  with  the  addition  of  potassium  chlorate,  and 
the  entire  amount  of  iron  then  determined  as  hydi-ated 
ferric  oxide  with  ammonium  hydrate  (p.  23). 

Second  Method.— In  a  weighed  portion  of  the  substance, 
treated  as  directed  in  the  first  paragraph  of  the  first 
method,  the  ferrous  oxide  may  be  determined  with  potas- 
sium permanganate,  and  then  in  the  same  liquid,  the  en- 
tire amount  of  ferric  oxide  can  be  estimated  with  stannous 
chloride.  Or,  after  the  determination  of  the  ferrous  oxide 
with  permanganate,  reduce  the  liquid  with  zinc,  and  again 
estimate  all  the  iron  with  potassium  permanganate. 

Or,  determine  in  one  weighed  portion  the  ferrous  oxide 
with  permanganate,  while  in  another  the  amount  of  sesqui- 
oxide  is  ascertained  by  means  of  stannous  chloride. 

With  respect  to  the  estimation  of  the  admixtures  occur- 
ring in  magnetite  the  analyses  of  Siderite  and  Hematite 
may  be  referred  to. 
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Bog  Iron  Ore. 

Composition  Mixtures  of  ferric  Uydrated  oxide  with 

silicates  of  ferrous  and  ferric  oxides,  manganic  oxide, 
alumina  (cnpric  oxide),  calcium  oxide,  magnesia,  sul- 
phuric, phos[)horic  and  arsenic  acids,  and  organic  sub- 
stances and  sand. 

The  oxides  are  determined  as  directed  in  the  respective 
analyses  of  Siderite  and  Hematite.  When  arsenic  acid 
and  cupric  oxide  are  present,  the  course  of  the  analysis 
must  be  soraewliat  moditied.  After  eöecting  the  separa- 
tion of  the  silicic  acid  and  gangue  (see  p.  84),  heat  the 
hydrochloric  acid  solution,  and  while  doing  this  pass  in 
hydrogen  sulphide  gas,  allowing  the  saturated  solution  to 
stand  some  time  in  a  warm  place  ;  then  filter  off  the' mix- 
ture of  copper  sulphide  and  arsenic  tersulphide. 

As  sulphur  invariably  separates  out  when  hydrogen  sul- 
phide is  conducted  into  solutions  of  ferric  oxide,  and  as 
this  obstructs  tlie  filtration  and  washing,  it  is  advisable 
to  first  reduce  the  ferric  to  ferrous  oxide,  by  heating 
the  liquid  with  sulphurous  acid  or  sodium  hydrosulphite. 
The  excess  of  sulphurous  acid  is  removed  by  ebullition, 
and  hydrogen  sulphide  then  added. 

The  filtrate  is  boiled  to  expel  completely  the  hydrogen 
sulphide,  oxidized  with  nitric  acid  or  potassium  chlorate, 
and  then  employed  for  the  estimation  of  the  remaining 
oxides. 

The  separation  of  the  sulphides  of  arsenic  and  copper 
is  effected  by  digesting  the  mixture  on  a  water-bath  with 
a  solution  of  sodium  or  potassium  sulphide,  and  filtering 
off  the  insoluble  copper  sulphide  (p.  48). 

Tiie  addition  of  dilute  hydrochloric  or  sulphuric  acid  to 
the  filtrate  will  precipitate  the  arsenic  sulphide,  which  is 
filtered,  washed  and  dissolved  in  hydrochloric  acid  con- 
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taining  potassium  chlorate  (p.  68).  From  this  solution, 
after  neutralization  with  ammonium,  the  arsenic  acid  may 
be  thrown  down,  as  magnesium-ammonium  arseniate 
(p.  69). 

As  the  copper  sulphide  that  remains  invariably  con- 
tains iron,  it  must  be  dissolved  in  concentrated  nitric 
acid,  and  after  the  evaporation  of  the  latter,  it  is  repre- 
cipitated  by  hydrogen  sulphide. 

The  iron  contained  in  bog  iron  ore  may  be  best  estimated 
volumetrically  in  a  separate  portion  of  substance.  If 
stannous  chloride  is  then  employed,  the  ferrous  oxide 
present  must  first  be  converted  into  ferric  oxide  by  warm- 
ing the  solution  with  potassium  chlorate. 

For  the  estimation  of  ferrous  in  presence  of  ferric  oxide, 
see  Siderite  (p.  71),  and  Magnetite  (p.  86). 

The  phosphoric  and  sulphuric  acids  are  determined  as 

directed  on  page  83. 

Owing  to  the  presence  of  organic  substances,  the 
amount^of  water  cannot  be  estimated  by  ignition,  nor 
even  by  absorption,  because  upon  igniting  with  lead  oxide, 
the  hydrogen  of  the  organic  compounds  will  be  oxidized 
to  water. 

Dry  a  portion  of  the  substance  in  an  obliquely  inclined 
platinum  crucible,  and  apply  heat^at  first  gently,  but 
gradually  increasing  it.  By  this  means  we  will  be  able 
to  ascertain  the  percentage  of  water  plus  the  organic 
material. 

Chromite. 

Chromic  Iron. 

Composition.— Chromic  oxide,  ferrous  oxide  (ferric  ox- 
ide), alumina,  magnesia;  sometimes,  as  impurities,  man- 
ganous  oxide,  calcium  oxide,  and  silicic  acid. 

The  analysis  of  this  mineral  has  long  presented  great 
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(litficulties,  because  the  cliromite  is  neither  attacked  by 
ileitis  (with  the  exception  of  concentrated  sulphuric  acid; 
see  below),  nor  by  fusion  with  alkalint;  carbonates. 

The  decomposition  may,  however,  be  very  easily 
effected,  if  potassium  fluoride  dissolved  in  hydrofluoric 
acid  be  made  use  of,  as  proposed  by  Gibbs. 

The  finely  powdered  mineral  is  evaporated  with  a  con- 
centrated solution  of  potassium  fluoride  in  hydrofluoric 
acid,  and  the  platinum  crucible  heated  to  faint  redness  for 
about  one-half  of  an  hour.  After  the  decomposition  the 
fused  mass  in  the  platinum  crucible  is  warmed  with  hy- 
drochloric acid,  until  hydrofluoric  acid  no  longer  escapes. 
Should  there,  after  this,  remain  an  insoluble  green  colored 
residue,  filter  it  off",  and  repeat  the  ignition  with  potassium 
fluoride.  Generally,  however,  in  most  cases  one  fusion  is 
sufRcient  to  cause  a  perfect  decomposition  of  the  mineral. 

The  chromium  oxide  is  separated  from  the  other  oxides 
present  by  diluting  the  solution  largely  with  water,  mix- 
ino-  in  with  this  sodium  carbonate  in  slight  excess,  and 
then  adding  sufficient  bromine  water*  to  oxidize  the  chro- 
mic oxide  to  chromic  acid.  The  liquid  should  be  con- 
stantly stirred,  and  heated  to  80°  or  90°  C,  and  the 
insoluble  oxides  finally  separated  by  filtration  from  the 
sodium  clu-omate. 

The  chromium  may  now  be  estimated,  either  as  barium 
Chromate  or  chromium  oxide. 

For  the  execution  of  the  first  method  acidify  the  alka- 
line Chromate  solution  slightly  with  acetic  acid  ;  then  heat 
to  boiling,  and  add  barium  acetate,  and  after  the  solution 
has  cooled  mix  with  it  some  alcohol.  When  the  barium 
Chromate  has  perfectly  subsided,  it  is  filtered  off",  and 

*  The  bromine  water  at  the  same  time  converts  ferrous  and 
manganous  to  ferric  and  manganic  oxides. 
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washed  with  water  containing      ^ol.  alcohol,  dried  and 

gently  ignited. 

To  avoid  a  reduction  of  the  precipitate  adhering  to  the 
filter,  moisten  the  latter  with  a  few  drops  of  ammonmm 
nitrate,  dry  and  incinerate  upon  a  platinum  wire. 
2BaCrO,  :  Crfi,  :  :  wt.  BaCrO,  :  x. 
To  estimate  the  chromium  as  oxide,  add  sulphurous 
acid  or  alcohol  to  the  solution  acidified  with  hydrochloric 
acid;  then  boil.    Precipitate  the  chromium  in  a  platinum 
or  porcelain  dish,  with  ammonium  hydrate.    When  alco- 
hol has  been  employed  it  should  be  expelled  by  boüing 
prior  to  the  precipitation. 

The  insoluble  oxides  (ferric  oxide,  alumina,  manganic 
oxide,  calcium  oxide,  and  magnesia),  which,  after  treat 
ment  with  bromine  water,  were  precipitated  with  sodium 
carbonate,  are  dissolved  in  hydrochloric  acid,  and  sepa- 
rated according  to  page  71. 

The  iron  precipitate  produced  by  boiling  the  solution 
with  ammonium  carbonate  or  sodium  acetate  contains  all 
the  aluminum,  which  may  be  either  determined  by  difier- 

ence  or  directly. 

In  determining  the  aluminum  by  difference,  the  yet  moist 
iron  precipitate  is  dissolved  in  hydrochloric  acid,  and  the 
solution  reduced  to  a  definite  volume  (about  2ÜÖ  C.  C). 
In  the  one  half  the  entire  amount  of  alumina  and  ferric 
oxide  is  found  by  precipitation  with  ammonium  hydi-ate 
(p.  23  and  p.  37),  whilst  in  the  other  measured  portion  of 
the  liquid  the  iron  is  volumetrically  estimated. 

The  direct  determination  of  aluminum  in  the  presence 
of  ferric  oxide  is  based  on  the  principle  that  the  former  is 
not  precipitated  by  ammonium  and  ammonium  sulphide  in 
the  presence  of  tartaric  acid.  Mix  the  hydrochloric  acid 
solution  with  an  excess  of  tartaric  acid,  add  ammonium 
hydrate  and  sulphide,  and  filter  off  the  iron  sulphide,  the 
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air  being  excluded,  and  wash  with  wiitcr  containing  am- 
monium sulphide. 

The  filtrate  in  a  platinum  dish,  after  the  addition  of 
sodium  carbonate,  is  evaporated  to  dryness  and  ignited, 
until  all  the  carbon  has  been  burned.  In  the  hydrochloric 
acid  solution  of  the  residue  the  aluminum  is  thrown  down 
by  ammonium  hydrate. 

This  method  has  not  the  least  advantage  over  the  pre- 
ceding, and,  besides,  is  much  more  detailed  and  less  accu- 
rate. 

For  the  estimation  of  ferrous  oxide  contained  in  chro- 
mite,  introduce  about  0.5  grm.  of  the  finely  pulverized 
mineral  into  a  glass  tube  closed  at  one  end,  and  drawn 
out  at  the  other.  Pour  over  the  substance  about  10  C.C. 
of  sulphuric  acid  of  1.34  sp.  gr.  The  tube  is  now  sealed 
above,  and  heated  in  a  parafiin-bath  at  250°-300°  C.  for 
ten  hours.  When  the  mineral  is  completely  decomposed, 
break  oflF  the  point  of  the  glass  tube,  pour  its  contents  into 
water,  rinse  out  the  tube  with  water,  and  determine  the 
fen-ous  oxide  with  potassium  permanganate  (p.  75). 

If  the  chromite  contains  silicic  acid  it  cannot,  of  course, 
be  determined  in  the  portion  decomposed  by  potassium 
fluoride.  For  this  purpose  a  separate  portion  (or  in  the 
direct  determination  of  the  ferrous  oxide,  the  same  por- 
tion) should  be  decomposed  with  sulphuric  acid  as  above 
described.  AH  the  silicic  acid  will  remain  behind  upon 
diluting  with  water. 

[Another  method  for  decomposing  chromite,  proposed 
by  Dr.  Genth,  and  which  is  very  satisfactory,  is  the  fol- 
lowing : — 

Take  0.5  grm.  of  the  impalpable  powder,  and  fuse  in 
a  capacious  platinum  crucible  with  6  grms.  of  potassium 
bisulphate  for  fifteen  minutes,  at  a  temperature  scarcely 
above  the  fusing  point  of  the  latter ;  then  raise  the  heat 
somewhat,  so  that  the  bottom  of  the  crucible  may  just  ap- 
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pear  red,  and  keep  it  so  for  fifteen  or  twenty  minutes. 
The  fusing  mass  sliould  not  rise  higher  than  half  way  up 
the  crucible.    Tlie  mass  begins  to  fuse  quietly,  and  abun- 
dant fumes  of  sulphuric  acid  escape.    At  the  expiration 
of  twenty  minutes  the  heat  is  increased  as  much  as  neces- 
sary to  drive  out  the  second  equivalent  of  sulphuric  acid, 
and  even  to  decompose  partially  the  sulphate  of  iron  and 
chromium.    To  the  fused  mass  now  add  3  grms.  pure 
sodium  carbonate,  heat  to  fusion,  and  add  in  small  por- 
tions from  time  to  time  during  an  hour  3  grms.  nitre, 
maintaining  a  gentle  red  heat  all  the  while  ;  then  heat  for 
fifteen  minutes  to  bright  redness.    Treat  the  cold  mass 
with  boiling  water,  filter  hot,  wash  the  residue  with  hot 
water,  then  digest  in  the  heat  with  hydrochloric  acid. 
If  anything  remains  undissolved,  it  is  a  portion  of  the  ore 
undecomposed,  and  must  be  subjected  to  the  above  opera- 
tion.   To  weigh  such  a  residue,  and  deduct  it  from  the 
ore  first  taken^is  not  good,  as  it  never  possesses  the  com- 
position of  the  original  substance.    The  alkaline  solution, 
which  often  contains,  besides  the  chromic  acid,  also  some 
silicic,  titanic,  and  manganic  acids,  and  alumina  is  evapo- 
rated with  excess  of  ammonium  nitrate  on  a  water-bath 
nearly  to  dryness,  and  till  all  free  ammonia  is  expelled. 
On  addition  of  water,  the  silicic  acid,  alumina,  titanic 
acid,  and   manganese  sesquioxide  remain  undissolved, 
while  the  chromic  acid  passes  into  solution,  and  can  be 
determined  as  above.] 


Pyrolusite. 

Manganese  Ores. 

The  naturally  occurring  pyrolusite  consists  generally  of 
a  mixture  of  manganese  superoxide  with  hydrated  oxide  of 
manganese,  ferrous  or  ferric  oxide,  quartz,  clay,  calcite,  etc. 
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The  commercial  value  of  the  ore  depends  upon  the 
amount  of  manganese  superoxide  it  contains. 

Estimation  of  the  Water.-V>vy  a  weighed  portion  of 
the  substance  at  120°  C.  until  constant  weight  is  obtain- 
ed The  drying  may  be  greatly  accelerated  by  heating 
the  substance  in  a  thick  metallic  dish,  and  stirring  with  a 
thermometer,  until  the  latter  has  reached  the  temperature 
110°  C.  (Möhr.)  As  the  dried  substance  absorbs 
moisture  from  the  air  tolerably  rapidly,  it  should  be  trans- 
lerred  while  yet  hot  to  a  small  glass  tube,  that  can  be  well 
closed,  and  then  allowed  to  cool.  The  dried  mineral  is 
employed  for  analysis. 

As  regards  the  estimation  of  the  manganese  superoxide, 
various  methods  have  been  proposed,  from  which  1  cite 
only  those  in  most  frequent  use. 

Method  of  Fresenius  and  Will. 

In  the  presence  of  an  excess  of  sulphuric  acid,  manga- 
nese superoxide  brought  in  contact  with  oxalic  acid  is  so 
decomposed  that  manganous  sulphate,  carbon  dioxide  and 
water  are  produced  : — 

MnO,  +  C,H,0,  -f  H,SO,  =  MnSO,  +  2C0,  +  2Hp. 

From  the  above  we  have  one  moleciüe  manganese 
superoxide  corresponding  to  two  molecules  of  carbon  di- 
oxide, or  87  parts  MnO,  by  weight  =  88  parts  CO,.  To 
ascertain  the  amount  of  manganese  superoxide  in  a  defi- 
nitely weighed  quantity,  it  is  only  necessary  to  multiply 
the  found  amount  of  carbon  dioxide  by  ||,  or  0,98863. 
If  a  multiple  of  0.98863  of  black  oxide  of  manganese, 
e.  g.  3.  0.98863  =  2.9659  grms.,  be  weighed  off,  it  is  after- 
wards only  necessary  to  divide  the  found  centigrammes  of 
carbon  dioxide  by  three,  to  ascertain  directly  the  per- 
centage of  manganese  superoxide  in  an  ore. 
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According  to  the  quality  of  the  ore,  we  employ  for  each 
estimation  from  2.96ü9  to  4.9431  grms.  The  weighing 
is  best  performed  in  a  tared  porcelain  or  platinum  boat. 
This  operation  must  be  rapidly  executed.* 


The  apparatus  pictured  in  Fig.  7  is  designed  for -the  de- 
composition of  the  manganese  ore. 

A  is  a  small  flask  of  about  150  C.  C.  capacity ;  b,  a  glass 
tube  filled  with  pieces  of  pumice-stone ;  c,  tube  containing 
calcium  chloride.  The  tube  d  extends  almost  to  the  bot- 
tom pf  the  flask,  and  is  closed  above  by  a  small  glass  rod. 

After  transferring  the  manganese  ore  to  A,  add  to  it 
about  50  C.  C.  water,  and,  after  the  insertion  of  the  tube  ö, 
mix  in  4-5  C.  C.  concentrated  sulphuric  acid.  When 


*  A  slight  error  cannot  be  avoided,  because  the  sample  will 
invariably'afctract  some  moisture.  If  this  is  not  allowable,  the 
weighing  of  a  definite  quantity  of  the  ore  must  be  dispensed 
with,  and  a  closed  glass-tube  be  used  in  the  operation. 
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alkaline  carbonates  ai-e  coiitainca  in  the  ore,  they  will  be 
aecomposed  by  the  acid.  The  carbon  dioxide  may  be 
removed  by  sucking  on  the  tube  d,  closing  it  again  with 
the  glass  rod,  and  reweighing  the  apparatus.  (Möhr.) 

aI  regards  the  quantity  of  oxalic  acid  necessary  for  the 
decomposition  of  the  ore,  we  know  from  the  above  reac- 
tion that,  for  one  molecule  MnO.,  =  87,  one  molecule  of 
crystallized  oxalic  acid  =  126  is  required.  Granted  tha.t 
the  ore  is  chemically  pure,  2.9G59  grms.  of  it  would, 
therefore,  decompose  4.29  grms.  oxalic  acid. 

AVhen  the  apparatus  has  been  weighed,  bring  the 
weighed  amount  of  oxalic  acid  rapidly  into  the  flask  A, 
and°immediately  close  it.  The  liberated  carbon  dioxide 
will  be  perfectly  dried  by  the  pieces  of  pumice-stone 
moistened  with  sulphuric  acid,  and  also  by  the  calcium 
chloride.  When  the  evolution  of  carbon  dioxide  com- 
mences to  diminish,  heat  the  flask  until  the  liberation  of 
the  gas  can  no  longer  be  observed.  After  the  appai-atus 
has  cooled  remove  the  glass  stopper  from  the  tube  d,  and 
dislodge  the  carbon  dioxide  that  may  remain  in  the  appa- 
ratus by  suction  upon  the  calcium  chloride  tube  c,  then 
reweigh  the  apparatus. 


Method  of  Bunsen. 

When  manganese  dioxide  is  heated  with  hydrochloric 
acid,  there  are  produced  manganese  chloride  and  chlorine 
gas  :— 

MnÖ,  -j-  4IIC1  =  MnCl,  +  CI,  +  211,0. 

If  the  evolved  chlorine  be  conducted  into  a  solution  of 
potassium  iodide,  a  quantity  of  iodine  equal  to  that  of  the 
chlorine  will  separate  out,  and  this  may  be  estimated 
either  by  means  of  sulphurous  acid  (Bunsen),  or,  what  is 
preferable,  by  sodium  hyposulphite  (Schwarz). 

When  a  solution  of  iodine  in  potassium  iodide  is  mixed 
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with  sodium  hyposulphite,  the  hyposulphurous  acid  will 
be  converted  into  tetrath ionic  acid  : — 

2II,S,p,  +  21  =  UßP,  +  2HI  or 
2Na,S,03  +  21  =  Na,SPe  +  2NaI. 
On  adding  a  starch  solution  to  the  iodine  solution,  the 
blue  coloration  of  the  liquid  (starch  iodide)  will  disappear 
the  moment  the  iodine  has  become  converted  into  hydriodic 
acid  and  sodium  iodide. 

For  the  execution  of  this  method  a  sodium  hyposulphite 
solution  of  known  strength  is  required.  This  may  be 
prepared  by  dissolving  24.8  grms.  of  pure  crystallized 
sodium  hyposulphite  in  1  litre  of  water.  As  the  solution, 
when  exposed  for  some  time  to  the  air,  oxidizes,  and  ac- 
cordingly loses  its  standard,  it  is  well  to  add  5  grms.  of 
ammonium  carbonate  to  prevent  as  much  as  possible  the 
occurrence  of  this  alteration.  (Möhr.)  However,  in  all 
cases,  it  is  advisable  to  determine  accurately  the  actual 
strength  of  tlie  solution  before  using  it. 

For  this  purpose  dissolve  0.1-0.2  grm.  pure  iodine*  in 
potassium  iodide  (should  not  contain  any  iodic  acid),  di- 
lute the  solution  with  water,  and  add  from  a  burette  the 
hyposulphite  solution  to  be  examined  until  the  iodine  so-, 
lution  bears  a  faint  reddish-brown  color.  Bring  into  this 
a  few  C.  C.  of  starch  solution,!  and  again  add  sodium 


*  For  the  production  of  pure  iodine,  mix  the  latter  with  one- 
sixth  its  weight  of  potassium  iodide,  dry  in  a  watch-glass  until 
iodine  vapors  arise,  then  cover  it  with  a  second  watch-glass 
which  will  closely  fit  the  first.  By  a  constant  gentle  application 
of  heat  the  iodine  is  volatilized,  condenses  on  the  upper  watch- 
crystal,  and,  after  the  completion  of  the  sublimation,  may  be 
collected,  and  preserved  in  a  glass  vessel  provided  with  a  well- 
fitting  cork. 

t  The  starch  solution  is  prepared  by  gi-adually  mixing  finely 
pulverized  starch  with  cold  water  (1  part  starch  to  100  parts 
water),  and  heating  the  solution  to  boiling. 
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hyposulphite  drop  by  drop  until  the  blue  solution  is  jnst 
decolorized.  It  x  represents  the  required  C.  C.  of  sodium 
hyposulphite  solution,  a  the  amount  of  iodine  taken,  we 
have : — 

I  :  Na^S,03  +  5II.P  =  a   :  x. 

...  248a 
X  C.  C.  sodium  hyposulphite  contain  therefore  grms. 

pure  hyposulphite. 

The  apparatus  (Fig.  8)  of  Bunsen  (modified  by  Fre- 
senius) is  commonly  employed  for  the  decomposition  of 
manganese  dioxide  by  means  of  hydrochloric  acid. 


Fig.  8. 


a  is  a  small  flask  of  about  50  C.  C  capacity,  which  is 
connected  by  means  of  a  caoutchouc  tubing  with  the 
pipette-shaped  tube  h.    The  latter  at  one  end  is  drawn  out 
to  a  point  and  bent  upwards.    The  retort  c  is  filled  one- 
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third  with  a  solution  of  potassium  iodide  (1  part  potassium 
iodide  in  10  parts  water). 

Introduce  the  weighed  quantity  of  the  pulverized  man- 
ganese dioxide  (0.1-0.2  grm.)  into  the  flask  a,  fill  this 
then  to  two-thirds  its  capacity  with  fuming  hydrochloric 
acid,  connect  a  and  h  as  soon  as  possible,  pushing  the 
latter  into  the  retort.  Upon  the  application  of  heat  to  the 
flask  the  liberation  of  chlorine  commences,  and  after  from 
two  to  three  minutes'  continued  ebullition,  during  which 
time  about  one-third  of  the  liquid  will  have  been  distilled 

Fig.  9. 


oflF,  the  chlorine  will  be  perfectly  expelled.  Grasp  the 
tube  at  h  with  the  left  hand  and  remove  it  from  the  liquid, 
continually  applying  heat  with  the  right  hand  to  the  flask  a. 

When  the  contents  of  the  retort  become  cold,  which 
may  be  greatly  hastened  by  sinking  it  in  cold  water,  rinse 
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the  solution  carefully  into  a  Ijeaker,  proceeding  then  as 
directed  in  the  standardization  of  the  solution. 

The  potassium  iodide  solution  may  be  prevented  from 
passing  back  into  the  flask  a,  if  at  the  moment  we  place 
the  manganese  dioxide  in  the  flask  a  piece  of  magnesite 
be  also  added,  which  will  during  the  decomposition  afford 
a  continuous  stream  of  carbon  dioxide. 

For  the  chlorine  distillation,  Möhr  makes  use  of  the 
apparatus  represented  by  Fig.  9. 


*  Fig.  10. 


The  tube  conducting  the  gas  is  sunk  into  a  glass  tube 
of  320-340  Mm.  length  and  25-30  Mm.  width,  partly 
filled  with  potassium  iodide,  and  this  then  introduced  into 
a  larger  glass  cylinder  containing  water.  The  cork  a  is 
loosely  inserted  in  the  tube  containing  the  potassium 
iodide.  When  the  distillation  is  finished,  grasp  the  tube 
at  a,  and  rapidly  remove  it  from  the  liquid. 
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The  construction  of  a  third  piece  of  apparatus,  proposed 
by  Fresenius,  is  shown  in  Fig.  10.  This  form  is  superior 
to  the  preceding  two,  from  the  fact  that  it  is  impossible 
for  the  potassium  iodide  solution  to  recede. 

In  regard  to  the  calculation  of  the  analysis,  it  must  be 
borne  in  mind  that  1  molecule  of  found  iodine  (I,)  cor- 
responds to  1  molecule  chlorine  (ClJ,  and  therefore  to  1 
molecule  manganese  dioxide  (MnOJ. 

lliird  Method.— The  following  method,  generally  known 
as  the  "  Iron  test,"  is  used  principally  in  England  for  the 
determination  of  the  value  of  manganese  ores.  The 
method  is  based  upon  the  following  principle  :  When  man- 
ganese dioxide  is  heated  with  hydrochloric  acid,  there  re- 
sult manganous  chloride  and  chlorine.    If  the  chlorine  is 
allowed  to  act  upon  a  ferrous  salt,  a  corresponding  amount 
of  ferric  salt  will  be  formed,  and  what  is  more,  by  the 
action  of  one  molecule  manganese  dioxide,  two  molecules 
iron  dissolved  as  ferrous  chloride  are  converted  into  ferric 
chloride. 

MnO,  +  4HC1  =  MnCl,  -f  2C1  +  2H,0  ; 
2FeCl,-f2Cl  =  Fe,CV 
When  definite  amounts  of  iron  and  manganese  ore  have 
been  taken  for  the  decomposition,  it  is  only  necessary,  in 
order  to  ascertain  the  quantity  of  manganese  dioxide  the 
latter  contains,  to  determine  the  unoxidized  portion  of 

the  ferrous  salt. 

The  apparatus  shown  in  Fig.  11  is  employed  in  the 

execution  of  this  process. 

A  and  B  are  two  small  flasks  connected  with  each  other 
by  means  of  a  glass  tube  bent  twice  at  right  angles.  B 
is  filled  with  water,  the  glass  tubing  in  it  extending  to 
the  bottom.  A  contains  the  weighed  quantity  of  iron- 
about  1  grm.  piano-forte  wire  (equalling  about  0.996  grm. 
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iron;  see  p.  77),  lui.l  tlie  black  oxide  of  mangtinese. 
After  adding  hydrochloric  acid,  connect  A  and  B,  and  ap- 
ply heat.  AVhen  complete  solution  has  been  effected,  re- 
move the  lamp,  and  in  a  short  time  the  water  in  B  will 
flow  back  into  A,  cooling  its  contents,  and  preparing  it 
for  immediate  titration  with  potassium  permanganate. 


Fig.  11. 


It  should  be  remembered  here,  that  in  the  presence  of 
hydrochloric  acid  potassium  permanganate  may  be  decom- 
posed (p.  78).  To  prevent  this  a  large  dilution  with 
water  is  absolutely  necessary. 

Representing  the  number  of  C.  C.  of  permanganate  re- 
quired for  the  oxidation  of  the  iron  employed  in  the 
exi)eriment  by  w,  and  by  n  the  C.  C.  permanganate  used 
upon  the  addition  of  the  manganese  ore  after  the  decompo- 
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sition,  the  difference  of  these  two  numbers,  m  —  n—p, 
would  represent  the  quantity  of  iron  converted  by  the 
manganese  dioxide  into  ferric  cliloride.  As  2  atoms  of 
Fe  are  converted  by  1  mol.  MnO^  from  the  ferrous  to  the 
ferric  state,  the  quantity  of  MnO^  in  the  weighed  portion 
of  the  manganese  ore  is  ascertained  from  the  following 
proportion  : — 

2  Fe  :  MnO.^  :  :  p  x 
112   :        ^1   :  :  p  :  X 
87 

X  =  p^^=  pO.lU^. 

Instead  of  metallic  iron,  sulphate  of  iron  and  am- 
monium (FeSO,  +  (NH,),S0,4-  6HP)  may  be  advan- 
tageously employed  for  the  decomposition.  2  molecules 
=  784  parts  by  weight  of  this  salt,  which  will  decompose 
1  mol.  =  87  parts  by  weight  of  manganese  dioxide.  Pro- 
ceed exactly  as  heretofore. 

Provided  that  the  quantity  of  manganese  dioxide  in 
the  ore  does  not  exceed  70  per  cent.,  there  are  used  for  1 
grm.  ore  about  7  grms.  of  the  double  salt  of  iron,  and  where 
the  quantity  of  the  dioxide  is  larger  8-9  grms.  are  taken. 

If  w  =  the  C.  C.  permanganate  necessary  for  the  de- 
composition of  the  weighed  quantity  of  the  double  sul- 
phate of  iron  and  ammonium,  and  n  the  C.  C.  perman- 
ganate which  were  used  after  the  reduction  of  the  ore,  the 
quantity  of  iron  oxidized  by  the  manganese  dioxide  is 

87 

again  the  difference  between  m  and  n  =  p  ;  ?Y^= 
p,  0.11095,  corresponding  to  the  quantity  of  manganese 
dioxide  in  the  ore. 

As  already  mentioned  (p.  77),  solutions  of  ferrous 
salts  containing  hydrochloric  acid  are  not  suitable  for 
titration  with  potassium  permanganate.  In  this  case  the 
ferrous  oxide  may  be  more  accurately  estimated  with  po- 
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tiissiuiu  cbromute  (p.  79).  If  the  normal  solution  con- 
tains exactly  4.919  grms.  potassium  bichromate  in  a  litre, 
each  C.  C.  will  be  equivalent  to  0.004357  grm.  MnO^. 
When  0.4357  grm.  manganese  are  taken,  the  C.C.  of  po- 
tassium bichromate  employed  represent  the  percentage  of 
manganese  dioxide. 

Psilomelane. 

Composition— Mimganous  oxide,  oxygen,  cupric  oxide, 
ferric  oxide,  oxides  of  nickel  and  cobalt,  barium  oxide, 
calcium  oxide  (magnesia),  potassium,  lithium,  and  water. 

Estimation  of  the  Manganese,  Copper,  Iron,  Nickel,  Co- 
halt,  Barium,  Calcium,  and  Magnesium — About  1.5-2 
grms.  of  the  mineral,  dried  over  sulphuric  acid,  are  dis- 
solved in  hydrochloric  acid,  and  this  solution,  after  being 
evaporated  almost  to  dryness,  is  diluted  with  water.  The 
insoluble  residue  (gangue)  is  filtered  off,  washed,  ignited, 
and  weighed. 

Heat  the  filtrate  to  boiling,  and  precipitate  the  barium 
with  dilute  sulphuric  acid  (p.  15),  Avash  the  precipitate  of 
barium  sulphate  perfectly  with  boiling  water,  and  in  the 
filtrate  determine  the  copper  as  sulphide  by  precipitation 
with  hydrogen  sulphide  (p.  48). 

After  the  expulsion  of  the  hydrogen  sulphide  from  the 
filtrate  of  the  copper  sulphide,  convert  the  ferrous  into 
ferric  oxide,  and  separate  the  latter  from  the  remaining 
oxides  by  neutralizing  the  solution  with  ammonium  hy- 
drate and  ammonium  carbonate.    (See  p.  71.) 

As  the  psilomelane  generally  contains  but  a  slight 
quantity  of  ferric  oxide,  and  its  separation  being  tolerably 
difficult,  it  appears  advisable,  after  the  filtration  and 
washing  of  the  precipitate,  to  redissolve  the  same  in  hy- 
drochloric acid,  and  repeat  the  precipitation  by  saturating 
the  solution  with  ammonium  hydrate, 
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The  filtrate  from  the  ferric  oxide  sliould  be  concentrated 
by  evaporation  and  placed  in  a  flask,  and  after  neutraliza- 
tion with  ammonium  hydi'ate,  yellow  ammonium  sulphide 
is  added  in  slight  excess.  When  the  precipitate  produced 
has  fully  subsided,  filter  the  sulphides  of  manganese, 
nickel,  and  cobalt,  excluding  air  contact  as  much  as  pos- 
sible. Wash  the  mixtui-e  with  water  containing  (NH^)jS. 
Remove  the  beaker  containing  the  filtrate,  replacing  it  by 
a  porcelain  dish,  into  which  the  precipitate  is  washed  after 
breaking  the  filter.  To  avoid  the  loss  of  the  particles  ad- 
hering to  the  latter,  dry  the  filter,  and  after  incineration, 
add  the  ash  to  the  principal  portion. 

To  effect  the  separation  of  manganese  sulphide  from 
the  sulphides  of  cobalt  and  nickel,  treat  them  with  a  mix- 
ture of  11  parts  hydrochloric  acid  of  1.12  sp.  gr.  and  6 
parts  hydrogen  sulphide,  and  after  digestion  for  a  short  time 
upon  the  water-bath,  filter  as  rapidly  as  possible,  and 
wash  the  residue  with  hydrogen  sulphide,  containing  a  few 
drops  of  hydrochloric  acid.  All  the  manganese  sulphide 
will  be  dissolved,  and  after  filtration  it  may  be  precipi- 
tated and  estimated  according  to  page  21. 

The  sulphides  of  nickel  and  cobalt  remaining  undis- 
solved by  hydrochloric  acid  are,  after  the  incineration  of 
the  filter,  ignited  with  free  access  of  air  and  weighed  as 
oxides. 

The  quantity  of  nickel  is  usually  too  small  to  determine 
it  separately.  The  separation  of  the  two  metals  may, 
however,  be  effected  by  means  of  potassium  nitrite. 

[The  separation  is  as  follows  : — 

Precipitate  the  cobalt  and  nickel  from  the  solution  with 
potassium  hydrate ;  filter,  wash  perfectly  and  then  dissolve 
in  hydrochloric  acid.  Evaporate  this  solution  to  dryness 
in  a  dish  placed  on  a  water-bath.  Dissolve  the  residue  in 
a  small  quantity  of  water.  Add  to  the  concentrated  liquid 
a  concentrated  solution  of  potassium  nitrite,  which  is  ren- 
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dcred  slightly  ncid  by  the  addition  of  r.itlicr  dilute  acetic 
acid.  Allow  the  whole  to  stand  for  at  least  twenty-four 
hours  in  a  moderately  warm  place.  Tiie  yellow  colored 
double  salt  of  cobalt  separates  slowly.  When  the  precipi- 
tation is  complete,  the  yellow  supernatant  liquid  is  filtered, 
and  after  the  salt  has  been  thoroughly  washed  with  sodium 
acetate,  rinse  it  from  off  the  filter  into  a  beaker  glass  and 
boil  for  some  time  with  dilute  sodium  hydrate.  The  co- 
balt will  separate  out  as  black  hydrated  oxide,  and  is 
easily  washed. 

Determine  the  nickel  in  the  first  filtrate  from  the  cobalt 

salt.] 

To  determine  the  calcium  and  magnesium,  acidify  the 
filtrate  from  the  sulphides  with  hydrochloric  acid,  and  boil 
to  expel  the  hydrogen  sulphide.  Filter  the  liquid  when 
sulphur  has  separated  ;  precipitate  the  calcium  as  oxalate 
(p.  13),  and  subsequently  the  magnesium  as  ammon-mag- 
nesium  phosphate  (p.  IG). 

To  determine  the  magnesium  accurately  it  is  necessary 
to  have  previously  evaporated  the  filtrate  from  the  calcium 
oxalate  to  dryness  and  expelled  the  ammoniacal  salts  by 
gentle  ignition.  The  magnesium  is  then  estimated  in  the 
hydrochloi-ic  acid  solution  of  the  residue. 

Determination  of  the  Alkalies — This  is  best  executed 
with  a  sei)arate  portion  of  substance.  Neutralize  the 
hydrochloric  acid  solution  with  ammonium  hydrate,  and 
mix  in  ammonium  carbonate  as  long  as  a  precipitate  is 
produced,  then  add  ammonium  sulphide  in  slight  excess. 
The  liquid  is  heated  for  some  time  upon  the  water-bath, 
and  filtered,  after  the  precipitate  has  fully  subsided. 

The  filtrate  contains  the  alkalies  together  with  magne- 
sium and  some  calcium.  First,  destroy  the  ammonium 
sulphide  with  some  hydrochloric  acid,  neutralize  the  fil- 
trate with  ammonium  hydrate,  and  add  in  excess  oxalic 
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acid  or  ammonium  oxalate,  and  evapoi'ate  the  solution  to 
dryness  in  a  platinum  dish.* 

By  igniting  the  I'esidue  gently  the  oxalates  of  the  alka- 
lies are  converted  into  carbonates  and  the  magnesium 
oxalate  is  altered  to  magnesia.  (See  p.  45.)  By  treating 
the  residue  with  small  quantities  of  hot  water  the  alkalies 
are  dissolved,  and  after  filtering  from  the  magnesia,  the 
solution  should  be  acidified  with  hydrochloric  acid  and 
evaporated  to  dryness  in  a  small  porcelain  dish.  Rinse 
the  residue  with  absolute  alcohol  into  a  small  flask  and 
add  an  equal  volume  of  anhydrous  ether.  The  flask  is 
well  corked  and  allowed  to  stand  twenty -four  houi's  with 
frequent  shaking  of  its  contents. 

Pour  ofi^  the  solution  of  lithium  chloride  in  ethereal 
alcohol  from  the  potassium  chloride,  washing  the  latter 
with  a  similar  mixture  and  allowing  the  solution  to  eva- 
porate in  the  air.  The  lithium  chloride  as  thus  obtained 
invariably  contains  some  potassium  chloride,  which  re- 
mains undissolved  by  repeated  extraction  with  ethereal 
alcohol.    (See  the  analysis  of  Mineral  Watei*.) 

Add  a  few  drops  of  concentrated  sulphuric  acid  to  the 
lithium  chloride  I'emaining  after  the  evaporation  of  the 
ethereal  alcohol,  and  determine  it  as  sulphate.  (Determi- 
nation as  potassium  sulphate,  p.  37.) 

By  gently  igniting  the  potassium  chloride  in  a  closed 
platinum  crucible,  it  may  be  weighed  as  such  (p.  31). 
The  lithium  sulphate  and  potassium  chloride  should  both 
be  examined  for  magnesia. 

*  The  liquid  freed  from  the  separated  sulphur  can  under 
certain  conditions  contain  sulphuric  acid  (from  the  ammonium 
sulphide  used) .  This  should  be  removed  with  barium  chloride, 
before  evaporating  with  oxalic  acid.  The  ignited  residue  will 
contain  magnesia  and  barium  carbonate.  (See  p.  45.) 
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Determination  of  the  Oxygen — The  psilomelano  very 
probiibly  contains  the  manganese  as  dioxide  together  wiMi 
manganous  and  manganic  oxides,  which,  however,  cannot 
be  determined  by  analysis.  All  the  manganese,  therefore, 
present,  is  calculated  as  manganous  oxide,  and  the  amount 
of  oxygen,  corresponding  to  the  oxide  or  dioxide,  ascer- 
tained in  a  separate  portion. 

The  estimation  is  most  accurately  executed  according 
to  the  method  suggested  by  Bunsen  (p.  95).  The  quan- 
tity of  iodine  separated  by  the  chlorine  in  the  decomposi- 
tion is  in  proportion  to  the  sought  amount  of  oxygen  as 
2.54  :  16  or  =  1  :  0.06299.  1  part  iodine,  therefore,  cor- 
responds to  0.06292  part  oxygen. 

Water  Determination  Best  determined  according  to  the 

method  described  on  page  36.  A  tube  of  porcelain  should 
be  substituted  for  glass  in  this  instance,  as  psilomelane 
only  loses  its  water  of  crystallization  at  a  high  temperature. 


Sphalerite. 

Zinc-blende. 

The  zinc-blende  contains  throughout  together  with  zinc 
sulphide  determinable  quantities  of  lead,  copper,  iron, 
manganese,  cadmium,  and  silicic  acid. 

In  the  following  lines  the  complete  analysis  of  the 
mineral  will  be  first  described,  and  then  the  separate  esti- 
mation of  the  zinc. 

Powder  the  mineral  finely  and  dry  it  at  100°  C.  Dis- 
solve about  1  grm.,  placed  in  a  porcelain  dish  covered 
with  a  watch-glass,  either  in  fuming  nitric  acid,  or  aqua 
regia,  for  which  purpose,  first  moisten  the  portion  in- 
tended for  analysis  with  water,  and  add  nitric  acid  drop 
by  drop  between  the  watch-glass  and  the  dish.  Wlien 
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the  acid  has  acted  for  some  time  in  the  cold,  apply  heat 
either  upon  a  water-bath  or  sand-bath,  until  red  colored 
vapors  no  longer  appear,  then  evaporate  to  dryness. 
Moisten  the  residue  with  hydrochloric  acid,  warm  gently 
and  add  a  large  quantity  of  water.  Should  any  crystalline 
lead  chloride  remain  undissolved  together  with  the  gangue 
(only  occurs  when  the  blende  is  rich  in  lead),  pour  the 
liquid  through  a  filter  and  dissolve  out  the  lead  chloride 
from  the  residue  with  boiling  watei-. 

The  insoluble  gangue  remaining  after  the  washing  is 
ignited  and  weighed. 

To  determine  the  lead,  evaporate  the  hydrochloric  acid 
solution  with  sulphuric  acid,  until  the  former  acid  has  been 
perfectly  expelled,  and  weigh  the  lead  as  sulphate  (p.  49). 

After  the  evaporation  of  the  alcohol,  precipitate  the 
copper  and  cadmium  as  sulphides  with  hydrogen  sulphide. 
Wash  with  water  containing  hydrogen  sulphide.  If  the 
sulphides  are  digested  with  dilute  sulphuric  acid  (1  part 
sulphuric  acid  to  5  parts  water),  the  cadmium  will  be  dis- 
solved, and  may  again  be  precipitated  from  the  filtrate  as 
sulphide,  and  determined  as  such  (p.  64).  The  copper 
sulphide,  insoluble  in  sulphuric  acid,  is  also  estimated  as 
such  (p.  48). 

Boil  the  filtrate  from  the  sulphides  until  the  hydrogen 
sulphide  is  perfectly  expelled,  then  mix  Avith  it  sufficient 
nitric  acid  or  bromine  water  to  oxidize  all  the  ferrous  to 
ferric  oxide.  The  iron  is  separated  from  the  zinc  and 
manganese  by  means  of  ammonium  and  ammonium  car- 
bonate (p.  71),  or,  better,  with  sodium  acetate.  It  is 
well,  however,  to  remember  that  the  precipitate  of  feme 
oxide  invariably  contains  perceptible  quantities  of  zinc 
oxide;  therefore,  redissolve  the  filtered  and  imperfectly 
washed  precipitate  in  hydrochloric  acid,  reprecipitating 
the  iron  by  saturating  the  solution  with  ammonium  hy 
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drate.     This  is  finally,  as  described  at  page  24,  ignited 
and  weighed. 

For  the  separation  of  the  zinc  and  manganese,  strongly 
acidity  the  liquid  with  acetic  acid  and  conduct  liydrogen 
sulphide  gas  through  the  hot  solution.  Ignite  the  zinc 
sulphide  in  a  stream  of  hydrogen,  and  weigh  (p.  20). 

To  the  tiltrate  from  the  zinc  sulphide  add  ammonium 
hydrate,  and  precipitate  the  manganese  with  ammonium 
sulphide  (p.  21). 

If,  in  the  analysis  of  zinc  blende,  the  estimation  of  the  ' 
zinc  is  all  that  is  required,  proceed  in  the  following 
manner  : — 

The  solution  of  the  mineral  is  precipitated  with  hydro- 
gen sulphide  gas,  and,  after  boiling  off  the  latter,  oxidize 
the  liquid  with  nitric  acid  or  bromine  water.  Remove  the 
iron  by  the  addition  of  ammonium  hydrate,  and  to  simul- 
taneously precipitate  the  manganese  add  a  few  drops  of 
potassium  permanganate,  or,  what  is  less  pse£ef»bie,  a  solu-  a^^i^^^ 
tion  of  microcosmic  salt  (am.  sod.  phosphate).  As  the  pre- 
cipitate of  manganese  and  iron  produced  by  ammonium 
hydrate  retains  zinc  (dependent  upon  the  quantity  of  iron), 
it  should,  after  filtering  and  washing  with  hot  water,  be 
redissolved  in  hydrochloric  acid,  and  the  precipitation,  as 
«  heretofore,  repeated. 

The  zinc  is  either  directly  determined  by  ammonium 
sulphide,  or,  what  is  better,*  it  is  precipitated  from  an 
acetic  acid  solution  by  hydrogen  sulphide,  and  determined 
as  sulphide  (p.  19). 

When  it  is  desirable  to  determine  the  zinc,  not  as  sul- 
phide, but  as  oxide,  in  which  case  the  precipitation  with 
sodium  carbonate  should  only  be  performed  in  platinum 

*  Sulphide  of  zinc  precipitated  from  a  hot  acetic  acid  solu- 
tion is  more  readily  filtered  than  that  produced  by  ammonium 
sulphide. 
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vessels,  or  very  excellent  porcelain  clisl.es,  the  removal  of 
the  iron  is  accomplished  by  neutralizing  the  solution  with 
sodium  carbonate  and  boiling  with  sodium  acetate  (p.  73). 

Instead  of  determining  the  zinc  gravi  metrically,  it  is 
frequently  estimated  volumetrically,*  which  is  to  be  par- 
ticularly recommended  when  several  determinations  are  to 
be  made  at  the  same  time.  Of  the  methods  proposed  for 
this  purpose,  only  the  most  practical,  and  those  affording 
the  most  accurate  results,  are  described. 

The  addition  of  a  solution  of  sodium  sulphide  to  an  am- 
moniacal  solution  of  zinc,  causes,  as  is  known,  a  white 
precipitate  of  zinc  sulphide  to  be  formed.    The  end-reac- 
tion is  ascertained  by  means  of  lead  paper.    For  this  pur- 
pose take  the  best  glazed  paper,  that  generally  used  m 
the  manufacture  of  visiting  cards,  and  known  in  trade  as 
polka-paper.    For  the  production  of  the  final  reaction,  a 
glass  tube,  rounded  at  both  ends,  of  about  25  Cm.  length 
and  7  Mm.  diameter,  may  be  taken.    Stir  the  liquid  weU 
with  this,  and,  by  placing  the  finger  upon  the  upper  end, 
take  out  a  portion  of  the  solution.    Place  the  tube  upon  a 
piece  of  lead  paper,  and  allow  the  liquid  to  pass  drop  by 
drop  from  the  tube  into  the  glass.    As  soon  as  a  slight 
excess  of  sodium  sulphide  is  present,  a  brown  ring  upon 
the  lead-paper  is  perceptible,  which  necessarily  grows 
more  intense  in  proportion  to  the  excess  of  sodium  sulphide 

present  in  the  liquid. 

If  the  liquid  to  be  titrated  contains  a  large  excess  of 
ammonium  hydrate,  a  replacement  between  the  suspended 
zinc  sulphide  and  the  lead  salt  occurs,  whereupon  a  black 
rin.  of  lead  sulphide  is  produced  before  the  zinc  is  pre- 
cipttated.  It  is,  therefore,  enjoined,  that  the  ammonunn 
hydrate  be  almost  entirely  expelled  by  boiling  before  the 
titration  takes  place. 

*  The  ammoniaoal  filtrate  tvom  the  iron  and  manganese  may 
be  employed  for  this  purpose. 
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Cobalt-paper  may  be  substituted  for  lead-paper.  It  is 
obtained  by  saturating  Swedish  Hlter-paper  with  a  solution 
ofcobaltic  chloride  (0.35  grm.  in  100  C.  C).  When  an 
excess  of  sodium  sulphide  is  present,  there  is  produced, 
after  the  absorption  of  a  drop  of  the  liquid  to  be  tested,  a 
sharply  defined  dark  coloration. 

That  the  results  of  this  process  may  be  accordant,  it  is 
necessary  always  to  obtain  an  equally  strong  reaction,  both 
in  the  standardization  of  the  sodium  sulphide  solution  and 
when  using  the  latter.  The  degree  of  dilution  of  the  solu- 
tion to  be  titrated  comes  here  into  consideration,  and, 
therefore,  care  should  be  had  that  this  be  approximately 
the  same  both  in  the  standardization  of  the  solution  and 
the  actual  titration. 

The  crystallized  sodium  sulphide  (Na,S4-9H,0)  serves 
for  the  experiment.  Its  aqueous  solution  is  diluted  with 
water  until  1  C.  C.  of  the  same  is  equivalent  to  0.005  grm. 
zinc. 

The  strength  of  the  solution  is  ascertained  with  chemi- 
cally pure  zinc.  Dissolve  the  zinc  in  nitric  acid  in  an  in- 
clined beaker  glass,  add  ammonium  hydrate,  until  the 
precipitate  produced  by  the  latter  has  been  redissolved, 
and,  after  diluting  with  water,  titrate  with  sodium  sul- 
phide. 

As  already  indicated,  exactly  the  same  conditions  must 
be  observed  in  the  standardization  of  the  solution  as  in  the 
actual  analysis.  For  instance,  if,  in  the  solution  of  an  ore, 
about  50  per  cent,  zinc  has  been  found,  there  must  have 
been  in  standardizing  tlie  sodium  sulphide  solution,  sup- 
posing that  1  grm.  zinc-blende  was  taken  for  the  estima- 
tion, 0.49-0.50  grm.  pure  zinc  dissolved,  and  the  liquid 
mixed  with  ammonium  hydrate  diluted  with  the  same 
quantity  of  water  as  in  the  titration  of  the  sample  of  ore. 

Sulphur  Determination  Zinc-blende  may  be  very 

readily  oxidized  by  fuming  nitric  acid,  if  the  precaution 
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is  only  observed,  to  allow  the  acid  to  act  at  first  for  some 
time  in  the  cold.  The  most  practicable  method  of  proce- 
dure is,  after  having  moistened  the  ore  M'ith  water,  and 
placed  in  a  well-covered  porcelain  dish,  to  add  fuming 
nitric  acid  drop  by  drop,  until,  upon  further  addition,  no 
action  is  any  longer  perceptible.  After  allowing  the  solu- 
tion to  stand  several  hours,  it  should  be  gently  warmed 
upon  a  sand-  or  water-bath.  This  should  be  continued  as 
long  as  red  vapors  are  formed.  Add  hydrochloric  acid 
drop  by  drop,  apply  heat,  and  evaporate  the  solution  to 
dryness.  The  residue  is  moistened  with  hydrochloric  acid 
and  dissolved  in  water.  The  sulphuric  acid  contained  in 
the  filtrate  from  the  gangue  is  precipitated  as  barium  sul- 
phate. 

Calamine  and  Smithsonite. 

Composition  Zinc,  cadmium,  copper,  lead,  iron,  man- 
ganese, calcium,  magnesia,  carbon  dioxide,  silicic  acid, 
and  water. 

The  analysis  may  be  executed  precisely  as  that  of  zinc 
blende.  To  determine  the  silicic  acid  in  the  presence  of 
sand  and  gangue,  boil  the  insoluble  residue  with  sodium 
carbonate  (p.  84). 

In  the  filtrate  from  the  manganese  sulphide,  determine 
the  calcium  oxide  and  magnesia  (p.  74). 

When  the  calcium  is  present  in  a  rather  large  quan- 
tity, it  is  rather  better  to  precipitate  it  first  as  oxalate, 
and  determine  the  manganese  and  magnesia  in  the  filtrate 
(P-  74). 

When  weighable  quantities  of  antimony  and  arsenic 
are  present  in  the  calamine,  the  course  of  the  analysis 
must  be  somewhat  altered.  The  precipitate  produced  by 
hydrogen  sulphide,  containing  beside  the  copper  and  cad- 
mium also  the  arsenic  and  antimony  as  sulphides,  is 
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digested  with  sodium  sulphide,  wliereupon  llu".  LiLlcr  sul- 
phides are  dissolved,  and  can  be,  after  liltering,  repreeipi- 
tated  as  sulphides  by  the  addition  of  dilute  hydrochloric 
or  sulphuric  acid  to  the  filtrate.  Treat  the  dried  precipi- 
tate with  carbon  disulphide  to  remove  the  sulphur  mixed 
with  it,  and,  after  drying,  again  oxidize  the  precipitate 
in  a  porcelain  crucible  with  fuming  nitric  acid. 

Proceed  with  the  residue  as  directed  at  page  65  (Alloy 
of  Antimony  and  Tin),  dissolving  the  sodium  antimoniate 
in  hydrochloric  acid,  and  determining  the  antimony  as 
sulphide.  Precipitate  the  arsenic  acid  in  the  filtrate  as 
magnesium-ammonium  arseniate  (p.  69). 

As  smithsonite  loses  its  carbon  dioxide  perfectly  upon 
ignition,  it  is  not  necessary  to  pursue  the  method  given 
u°pon  page  33.  The  water  and  carbon  dioxide  may  be 
determined  simultaneously.  Weigh  off  into  a  porcelain 
boat  from  1  to  2  grms  of  the  mineral,  and  introduce  this 
into  a  tube  of  ditficultly  fusible  glass,  connecting  it  with  a 
previously  weighed  calcium  chloride  tube,  to  which  is  also 
attached  a  U-shaped  tube  filled  with  soda-lime.  After 
havino;  strono-ly  ignited  the  substance,  reweigh  the  tubes, 
and  from  the  increase  in  weight  calculate  the  amount  ot 
water  and  carbon  dioxide. 


Phosphorite. 

Composition  Calcium  phosphate,  with  calcium  chlo- 
ride and  fluoride;  also  small  quantities  of  ferric  oxide, 
alumina  (magnesia),  alkalies,  and  water. 

Estimation  of  the  Oxides — First  Method:  1-1.5  grms. 
finely-powdered,  air-dried  phosphorite  are  placed  in  a 
porcelain  dish,  concentrated  hydrochloric  acid  added,  and 
the  whole  digested  for  an  hour  upon  a  water-bath.  When 
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the  solution  is  complete,  evaporate  the  liquid  to  dryness 
upon  the  water-bath,  moisten  the  residue  with  hydro- 
chloric acid,  and,  after  warming,  dilute  with  water.  The 
silica  remaining  insoluble  is  filtered  off,  washed,  ignited, 
and  weighed. 

Determine  the  calcium  by  evaporating  the  filtrate  from 
the  silica,  and  adding  sulphuric  acid  and  alcohol  (avoid 
an  excess  of  the  former).  For  calcium  sulphate  see 
p.  29. 

The  filtrate  contains,  besides  the  oxides  of  aluminum  and 
iron,  all  the  phosphoric  acid.  The  separation  of  the 
latter  is  readily  facilitated  by  adding  lead  acetate  to  the 
alcoholic  solution  as  long  as  a  precipitate  forms,  filtering, 
and  washing  perfectly  the  mixture  of  lead  phosphate,  sul- 
phate, and  chloride  with  alcohol ;  after  the  expulsion  of 
the  alcohol  precipitate  the  excess  of  lead  in  the  filtrate 
with  hydrogen  sulphide.  It  is  not  well  to  undertake  the 
estimation  of  the  phosphoric  acid  in  the  precipitate  caused 
by  lead  acetate,  but  it  is  necessary  to  determine  it  in  a 
separate  portion  (see  below).  Boil  the  filtrate  from  the  lead 
sulphide  to  expel  the  hydrogen  sulphide,  add  ammonium 
chloride,  and  then  nitric  acid  to  cause  oxidation,  and  pre- 
cipitate the  iron  and  aluminum  with  ammonium  (p.  37). 
These  are  separated  as  directed  on  page  90. 

The  filtrate  contains  the  magnesium  and  alkalies ;  these 
are  separated  according  to  page  45. 

The  preceding  method  is  more  particularly  intended 
for  the  estimation  of  calcium  in  the  presence  of  phosphoric 
acid  than  the  separation  of  the  latter  from  ferric  oxide, 
alumina,  etc.,  because,  on  the  addition  of  an  excess  of 
sulphuric  acid,  a  larger  or  smaller  precipitate  of  lead  sul- 
phate (lead  phosphate  and  chloride)  is  produced,  the  fil- 
tering and  washing  of  which  require  too  much  time.  If 
the  determination  of  the  calcium  is  all  that  is  desired,  we 
can  obtain  very  good  results  with  the  following  method : 


PHOSPHORITE. 


115 


Mix  the  filtrate  from  the  silicic  acid  with  ammonium  or 
sodium  hydrate  to  alkaline  reaction,  and  add  a  slight 
excess  of  acetic  acid.  When  ferric  oxide  or  alumina  is 
present,  the  precipitate  produced  by  ammonium  or  sodium 
hydrate  does  not  fully  disappear,  and  there  remains  un- 
dissolved iron  or  aluminum  phosphate. 

After  allowing  the  precipitate  to  stand  twelve  hours, 
filter,  and  in  the  filtrate  determine  the  calcium  as  oxalate 
(p.  13).  If  a  large  excess  of  acetic  acid  was  required  to 
effect  the  solution  of  the  ammonium-hydrate  precipitate, 
it  would  be  well  before  precipitating  the  calcium  to 
almost  neutralize  (the  liquid  must  react  acid)  the  solution 
with  ammonium  hydrate,  and  then  mix  with  it  ammonium 
oxalate. 

Second  Method  The  solution  of  the  phosphorite,  after 

filtering  off  the  silicic  acid  and  expelling  the  hydrochloric 
acid  by  evaporation,  is  mixed  with  an  excess  of  metallic 
tin*  and  fuming  nitric  acid,  and  heat  applied  upon  a  water- 
bath  until  all  the  metal  has  been  oxidized.  Thus,  the 
phosphoric  acid  will  be  converted  into  stannic  phosphate, 
which  is  insoluble  in  nitric  acid.  Allow  the  precipitate 
of  stannic  phosphate  and  oxide  to  settle,  filter  the  clear 
liquid,  wash  the  precipitate  perfectly  by  decantation  with 
water  containing  nitric  acid,  and  determine  in  the  filtrate 
the  oxides,  as  above  directed. 

The  precipitate  of  zinc  phosphate  and  oxide  may  also 
be  used  for  the  estimation  of  the  phosphoric  acid.  (See 
Analysis  of  Plant  Ashes.) 

Fluorine  Determination  Its  direct  determination  when 

existing  together  with  phosphoric  acid,  in  compounds  in- 


*  The  tin  should  be  C-8  times  the  quantity  of  phosphoric 
acid  present. 
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soluble  in  water,  is  accompanied  with  some  difficulties, 
for  which  reason  the  calcium  fluoride  present  is  frequently 
calculated  from  the  difference,  as  the  phosphoric  and  hydro- 
chloric acids  are  united  with  the  calcium,  and  the  remain- 
der of  the  latter  regarded  as  calcium  fluoride. 

A  direct  method  for  the  determination  of  the  fluorine  is 
the  following : — 

The  finely  pulverized  mineral  is  mixed  with  fine  silica 
(use  the  silicic  acid  separated  from  silicates)  and  potassium 
carbonate,  then  fuse  at  a  gentle  red  heat.* 

The  aqueous  extraction  of  the  fused  mass  contains  all 
the  fluorine  as  potassium  fluoride  as  well  as  potassium 
phosphate  and  silicate. 

The  phosphoric  acid  in  this  solution  is  thrown  down 
with  silver  nitrate.  Filter  the  silver  phosphate,  washing 
it  with  the  least  possible  quantity  of  water,  and  precipi- 
tating the  excess  of  silver  in  the  filtrate  with  sodium 
chloride. 

To  separate  the  silicic  acid  contained  in  the  filtrate  from 
the  fluorine,  mix  the  solution  with  ammonium  carbonate, 
digest  for  some  time  upon  a  water-bath,  and  evaporate 
the  filtrate  from  the  silicic  acid  to  dryness.  The  hot 
aqueous  solution  of  the  residue  contains  not  only  potassium 
fluoride,  but  also  always  small  quantities  of  silicic  acid, 
which  may  be  removed  by  adding  to  the  solution  sodium 
carbonate,  and  a  solution  of  zinc  oxide  in  ammonium  hy- 
drate in  slight  excess,  and  then  evaporating  upon  a  water- 
bath  until  the  liquid  no  longer  imparts  the  odor  of  am- 
monia. Filter  off"  the  zinc  silicate,  wash  it  Avith  Avater, 
and  determine  the  fluorine  in  the  filtrate  as  calcium  fluoride. 
For  this  purpose  pour  the  liquid  into  a  platinum  or  porce- 
lain dish,  bring  it  to  ebullition,  and  after  adding  calcium 

*  The  application  of  a  too  intense  heat  should  be  avoided  on 
account  of  the  volatility  of  the  fluorides. 
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cliloritle,  contiiuie  boiling  for  some  time.  The  solution 
should  not  be  liltered  until  it  appears  perfectly  clear. 
Wash  the  precipitate  by  decantation  with  hot  water.  Pour 
water  over  the  precipitate,  bring  it  to  boiling,  filter  off  the 
clear  solution,  and  repeat  this  operation  until  the  precipi- 
tate is  perfectly  washed,  then  rinse  it  on  to  a  filter. 

The  precipitate  formed  by  calcium  chloride  is  a  mixture 
of  calcium  fluoride  and  carbonate  (produced  by  the  action 
of  the  sodium  carbonate  upon  the  calcium  chloride).  To 
separate  the  latter  from  the  calcium  fluoride,  ignite  the 
dried  precipitate  in  a  platinum  crucible,  and  treat  it,  after 
cooling,  with  acetic  acid.  When  the  calcium  carbonate 
is  fully  dissolved,  evaporate  the  solution  for  the  expulsion 
of  the  acetic  acid  to  dryness  upon  a  water-bath,  and  re- 
move the  calcium  acetate  by  washing  with  water.  The 
now  remaining  pure  calcium  fluoride  is  again  ignited  and 
weighed. 

Chlorine  Determination  Dissolve  about  five  grms. 

phosphorite  in  nitric  acid  and  determine  the  chlorine  as 
silver  chloride.  It  must  be  remembered  that  while  warm- 
ing with  nitric  acid  too  strong  an  application  of  heat  will 
cause  the  volatilization  of  hydrochloric  acid. 

Phosphoric  Acid  Determination  Take  about  0.2-0.3 

grm.  substance  and  dissolve  by  digesting  with  fuming 
hydrochloric  acid.* 

*  In  estimating  the  phosphoric  acid  in  phosphorites  containing 
considerable  quantities  of  iron  or  aluminum,  it  is  recommended, 
where  it  is  desired  to  determine  the  phosphoric  acid  volumetri- 
cally,  to  employ  5  per  cent,  sulphuric  acid  for  the  decomposition 
of  the  mineral.  The  residue,  consisting  of  gypsum,  silica,  ferric 
oxide,  etc.,  is  washed  with  water,  and  the  filtrate,  after  being 
made  alkaline  with  ammonium  or  sodium  hydrate,  is  mixed  with 
acetic  acid  to  acid  reaction. 
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When  the  decomposition  is  complete,  the  solution  is 
evaporated  upon  the  water-bath,  moistened  with  nitric 
acid,  again  evaporated,  and  the  residue,  after  the  addition 
of  nitric  acid,  warmed  and  dissolved  in  water. 

In  this  necessarily  previously  filtered  liquid  precipitate 
the  phosphoric  acid  with  ammonium  molybdate  and  deter- 
mine as  magnesium  pyropliosphate  as  directed  on  page  25. 

Phosphoric  acid  may  be  volumetrically  determined  with 
very  great  accuracy.  The  following  method  is  universally 
employed  in  practical  work.  It  is  based  upon  the  precipita- 
tion of  the  phosphate  in  an  acetic  acid  solution  wdth  acetate 
of  uranium.  The  moment  that  all  the  phosphoric  acid  has 
become  uranium  phosphate,  is  indicated  by  the  addition 
of  potassium  ferrocyanide.  With  the  latter  compound, 
uranium  salts  produce  a  reddish-brown  precipitate  of  ura- 
nium ferrocyanide.  The  following  solutions  serve  for  the 
execution  of  this  method  : — 

1.  An  aqueous  solution  of  uranium  acetate — not  nitrate. 
Dissolve  about  38  grms.  crystallized  uranium  acetate  in 
water,  adding  about  5  C.  C.  concentrated  acetic,  acid  to 
this,  and  diluting  the  whole  to  about  1  litre. 

1  C.  C.  of  this  solution  is  approximately  equivalent  to 
0.005  grm.  phosphoric  acid.  As  basic  salts  separate  out 
from  the  solution  upon  standing,  it  should  be  first  filtered, 
after  having  stood  some  time,  and  the  standardization 
then  made. 

2.  A  solution  of  sodium  acetate  :  obtained  by  dissolving 
100  grms.  sodium  acetate  in  900  C.  C.  water,  and  adding 
100  C.  C.  acetic  acid,  of  1.04  sp.  gr. 

3.  A  solution  of  neutral  calcium  phosphate  (CagFjOg), 
serving  for  the  standardization  of  the  uranium  solution. 
Formerly  a  solution  of  sodium  phosphate*  was  used  for 

*  This  solution  contained  10.087  grms.  crystallized  sodium 
phosphate  to  the  litre. 
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this  purpose.*  More  recent  experiments  have,  liowever, 
proved  that  if  the  uranium  solution  be  taken  for  the  deter- 
riiination  of  the  phosphoric  acid  combined  with  Mum,  a 
calcium  salt  must  also  be  used  in  the  standardizing  of  the 
solution,  because  tlie  quantity  of  phosphoric  acid  m  solu- 
tions of  calcium  phospliate  wa,s  in  all  cases  too  low,  where 
sodium  phosphate  had  been  employed  as  a  basis  m  deter- 
mining the  strength  of  the  uranium  solution.  This  occur- 
rence Is  readily  explained  by  the  fact  that  uranium  phos- 
phate always  precipitated  with  it  smaU  traces  of  calcium 
phosphate. 

To  obtain  a  solution  of  calcium  phosphate,  dissolve 
about  5.5  grms.  dried,  neutral  calcium  phosphate  in  the 
smallest  quantity  of  nitric  acid  possible  (finally  evaporating 
the  excess),  and  dilute  the  liquid  with  water  to  1  litre. 

The  actual  amount  of  phosphoric  acid  in  this  solution 
may  be  ascertained  by  the  precipitation  of  50  C.  C.  of  the 
same  with  a  molybdic  solution,  or  more  readily  by  evapo- 
rating an  equal  quantity  in  a  platinum  dish,  with  the  ad- 
dition of  some  ammonium,  igniting  the  residue,  and  weigh- 
ing. The  phosphoric  acid  may  be  calculated  from  the 
CagPPg  thus  obtained. 

In  determining  the  strength  of  the  uranium  solution, 
mix  50  C.  C.  of  the  above  calcium  phosphate  solution 
with  10  C.  C.  of  sodium  acetate,  and  allow  the  uranium 
solution  to  drop  from  a  burette  into  the  cold  liquid,  until 
almost  all  the  phosphoric  acid  has  been  converted  into 
uranium  phosphate.t  The  solution  is  boiled,  and  a  drop 
of  the  same  placed  on  a  porcelain  plate,  together  with  some 
finely  pulverized  potassium  ferrocyanide  (or  a  freshly 
prepared  solution  of  this  salt).    The  slightest  excess  of 

*  Abesser,  Mark  er  and  Jani  On  the  Methods  of  Determining 
Phosx)horic  Acid.  Zeitschrift  für  Analytische  Chemie,  xii.  239. 

]  The  amount  necessary  for  this  is  determined  by  a  previ  ous 
experiment. 
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the  uranium  solution  will  be  indicated  by  the  reddish- 
brown  coloration  of  the  powder,  or  the  potassium  ferrocy- 
anide  solution.  When  the  reaction  is  complete,  read  off' 
the  number  of  C.  C.  used,  and  from  this  calculate  the 
strength  of  tlie  liquid. 

In  using  this  method  for  the  determination  of  phos- 
phoric acid  in  phosphates,  it  is  necessary  tliat  the  test  be 
executed  under  the  same  conditions  (dilution  of  the  phos- 
phoric acid  solution,  etc.)  as  in  the  standardization  of  the 
solution. 

The  phosphorite  is  either  dissolved  in  fuming  hydro- 
chloric or  5  per  cent,  sulphuric  acid,  and  in  case  the 
former  has  been  used,  the  excess  of  acid  is  removed  by 
evaporation,  so  that  upon  the  subsequent  addition  of  water 
the  liquid  will  not  be  rendered  turbid.  The  hydrochloric 
acid  that  remains  is  neutralized  with  ammonium  hydrate 
(by  all  means  avoid  an  excess),  and  the  precipitate  pro- 
duced by  the  latter  dissolved  in  acetic  acid.  Finally,  add 
10  C.  C.  sodium  acetate,  and  dilute  the  liquid  with  water 
to  the  same  volume  as  in  the  standardizing  of  the  solution, 
proceeding  then  exactly  as  directed  in  that  case. 


Boronatroealcite. 

Composition  Calcium,  sodium,  boracic   acid,  and 

water ;  frequently  also  potassium  and  sodium  chlorides,  and 
sodium  sulphate. 

Determination  of  the  Oxides — First  of  all  it  is  necessary 
to  volatilize  the  boracic  acid.  Pour  hydrofluoric  acid  over 
a.  weighed  portion  of  the  substance,  and  digest  for  some 
time  upon  a  water-bath.  After  the  mass  has  cooled,  con- 
centrated sulphuric  acid  is  carefully  added  drop  by  drop, 
and  heat  gradually  applied  until  the  excess  of  sulphuric 
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iicid  has  been  entirely  expelled.  By  this  process  we  vola- 
tilize all  the  boracic  acid  as  boron  fluoridii,  wliilst  the 
bases  are  converted  into  their  corresponding  sulphates. 

Ammonium  fluoride  may  be  substituted  for  hydrofluoric 
acid.  The  substance  should  be  thoroughly  mixed  with  it, 
and,  after  the  addition  of  concentrated  sulphuric  acid, 
heated  gradually. 

Tiie  sulphates  are  dissolved  in  hydrochloric  acid,  and, 
after  neutralizing  the  solution  Avith  ammonium  hydrate, 
the  calcium  is  thrown  down  as  oxalate  (p.  13). 

The  alkalies  are  estimated  by  evaporating  to  dryness 
the  filtrate  from  the  calcium  oxalate,  and  determining  the 
residue — consisting  of  sodium  and  potassium  sulphates. 
In  connection  with  this  it  is  well  to  bear  in  mind,  that 
upon  final  ignition  the  addition  of  ammonium  carbonate 
is  required  to  convert  any  hydrosulphates  into  the  corre- 
sponding neutral  salts  (p.  37). 

When  potassium  and  sodium  are  present  together,  they 
are  determined  as  given  on  page  46. 

The  hydrochloric  and  sulphuric  acids  in  the  nitric  acid 
solution  are  estimated  as  usual  as  silver  chloride  (p.  17) 
and  barium  sulphate  (p.  15). 

Determination  of  the  Boracic  Acid  as  Potassium  Boro- 

ßiioride  Neutralize  the  hydrochloric  acid  solution  of 

the  mineral  with  ammonium  hydrate,  and  to  the  warmed 
liquid  add  ammonium  carbonate  in  some  excess.  After 
the  calcium  carbonate  has  fully  subsided,  filter  and  wash 
the  same  with  water.  To  the  filtrate  add  potassium  hy- 
drate (1|-  part  potassium  hydrate  for  1  part  borate)  and 
concentrate  it  by  evaporation,  mixing  then  with  the  solu- 
tion so  much  hydrofluoric  acid  that  upon  the  application 
of  heat  vapors  of  the  acid  are  expelled,  finally  evaporating 
to  dryness  in  an  air-bath.  By  extracting  the  residue  with 
a  solution  of  potassium  acetate,  which  contains  20  per 
11 
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cent,  of  the  latter,  all  the  potassium  borofluoride  will  re- 
main undissolved.  This  is  then  transferred  to  a, weighed 
filter,  dried  at  100°  C,  washed  first  with  a  sodium  acetate 
solution,  until  the  addition  of  calcium  chloride  to  the  fil- 
trate produces  no  cloudiness ;  then  continue  the  washing, 
replacing,  however,  the  potassium  acetate  with  strong 
alcohol. 

The  potassium  borofluoride  is  dried  at  100°  C,  until 
the  weight  becomes  constant. 

2KBF1,  :  B.O^  : :  wt  KBFl,  :  x. 

The  water  in  boronatrocalcite  is  best  determined  by- 
mixing  a  weighed  portion  of  the  substance  with  a  weighed 
quantity  of  newly  ignited  lead  oxide,  and  then  heating. 


Boracite. 

Composition  It  contains  magnesium  borate  together 

with  magnesium  chloi'ide. 

The  separation  of  the  magnesium  from  the  boracic 
acid  is  effected  by  fusing  the  mineral  with  four  times  its 
weight  of  potassium  carbonate  and  treating  the  residue 
with  Avater. 

The  magnesia  remaining  undissolved  can  then  be  either 
weighed  as  such  after  washing  with  hot  water,  or,  what  is 
preferable,  it  may  be  converted  into  magnesium-ammonium 

phosphate  (p.  16). 

The  boracic  acid  is  determined  as  before,  and  the  chlo- 
rine precipitated  from  the  nitric  acid  solution  of  a  separate 
portion  as  silver  chloride  (p.  17). 

If  the  boracite  (stassfurthite)  contains  water,  determine 
this  as  directed  in  the  analysis  of  boronatrocalcite. 
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Analysis  of  Silicates. 

The  compounds  of  silicic  acid,  by  their  different  deport- 
ment with  acids,  may  be  divided  into  two  groups,  and 
may  be  distinguished  as  silicates  decomposed,  and  silicates 
not  decomposed,  by  acids. 

To  the  first  group  belong,  for  example,  allophane,  anal- 
cite,  botryolite,  brewsterite,  chabazite,  cronstedite,  datho- 
lite,  dioptase,  elaeolite,  gadolinite,  gehlinite,  helvin,  euly- 
tite,  lievrite,  meerschaum,  mellinite,  mesotype,  nepheline, 
okenite,  orthite,  pectolite,  wernerite. 

To  the  class  insoluble  in  acids  belong — 

Albite,  andalusite,  augite,  axinite,  beryl,  pumice-stone, 
chlorite,  cyanite,  diallage,  dichroite,  euclase,  felspar,  potas- 
sium and  magnesium  mica,  garnet,  carpholite,  labradorite, 
rhodonite,  oligoclase,  pitchstone,  pearlstone,  petalite,  pinite, 
serpentine,  sillimanite,  steatite,  talc,  turmalin,  vesuvianite. 

Determination  of  the  Silicic  Acid  in  Silicates  Decom- 
posed hy  Acids  Ordinary  hydrochloric  acid  is  most  com- 
monly employed  to  effect  the  decomposition — very  rarely 
concentrated  nitric  acid  (for  example,  in  silicates  contain- 
ing lead  or  silver  oxides),  or  concentrated  sulphuric  acid 
(excellent  for  decomposing  silicates  containing  aluminum). 

Before,  however,  advancing  to  the  actual  analysis,  it  is 
necessary  that  the  silicate  should  be  extremely  finely  pul- 
verized and  then  dried.  The  latter  can  generally  be  ac- 
complished by  heating  the  substance  designed  for  analysis 
in  an  air-bath  at  100°  C.  In  case  the  silicate  loses  water 
of  combination  already  at  this  temperature,  the  drying  is 
performed  at  a  lower  degree,  or  over  concentrated  sulphui'ic 
acid. 

Bring  now  a  weighed  portion  of  the  powder  into  a 
platinum  or  porcelain  dish,  moisten  it  throughout  with 
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water,  thus  forming  n,  pasty  mass,  then  add  hydrochloric 
acid,  and  apply  heat  upon  a  water-bath,  constantly  stirring 
the  mass  with  a  glass  rod.  The  silicic  acid  almost  in- 
variably separates  out  as  a  gelatinous  mass,  and  aided  by 
a  glass  rod  one  may  readily  ascertain  if  any  hard  mineral 
material  is  present  or  not.  However,  it  is  well  to  mention 
that  if  gangue  (quartz),  or  undecomposable  silicates  are 
mixed  with  the  silicate,  the  gritty  noise  produced  by  rub- 
bing with  a  glass  rod  may  be  due  to  their  presence. 

In  decomposing  the  mineral  with  hydrochloric  acid,  the 
greater  portion  of  the  silicic  acid  will  separate  out  (some 
silicates  are  perfectly  soluble  in  dilute  hydrochloric  acid), 
although  a  portion  will  probably  remain  in  the  hydrochloric 
acid  solution.  For  the  complete  separation  of  the  same, 
in  all  instances  evaporate  the  mass  to  dryness  upon  a  water- 
bath,  and  heat  the  residue  until  hydrochloric  acid  no 
longer  escapes,  and  a  sandy,  dry  appearance  is  presented 
by  it.  When  the  silicate  under  examination  contains 
neither  ferric  oxide  nor  alumina,  the  mass  dried  upon  the 
water-bath  can  be  advantageously  heated  for  some  time 
lonser  in  an  air-bath  at  120°  C. 

In  both  cases  the  cooled  mass  is  moistened  equally  with 
hydrochloric  acid,  and  then  heated  for  half  an  hour  in  a 
closed  vessel,  after  which  hot  water  is  added  with  con- 
tinued stirring,  and  the  silicic  acid  then  filtered.  As  the 
pores  of  the  filter  are  greatly  obstructed  by  the  acid,  it  is 
better  to  wash  the  latter  by  decantation  with  hot  water, 
and  finally  rinse  it  on  to  a  filter. 

The  filtrate  will  always  contain  together  with  the  oxides 
small  quantities  of  silicic  acid,  even  if  the  latter  had  been 
dried  at  120°  C.  In  all  accurate  analyses,  therefore,  the 
filtrate  must  be  again  evaporated,  and  the  residue  treated 
as  heretofore. 

After  drying  the  precipitate  ignite  it  and  weigh.  For 
this  purpose  inclose  the  precipitate  in  the  filter,  and  ignite 
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the  same  in  a  pliitinum  crucible,  at  first  over  an  ordinary 
burner  until  the  paper  has  charred,  then  more  slrongly 
over  a  blast-lamp.  When  the  contents  of  the  crucible 
present  a  dark  appearance— due  to  the  unburned  carbon 
of  the  paper — continue  the  ignition,  with  the  crucible  only 
partially  covered,  over  an  ordinary  lamp,  until  the  mass 
appears  perfectly  white.  The  ignition  of  the  silicic  acid 
over  a  blast-lamp  should  only  be  executed  in  a  well-closed 
crucible,  otherwise  very  considerable  quantities  of  it  may 
be  very  easily  carried  away  by  the  strong  current  of  air. 

In  all  cases  ascertain  whether  the  silicic  acid  thus  ob- 
tained is  pure,  or  if  it  still  contains  undecomposed  mineral. 
This  is  most  simply  discovered  by  heating  a  portion  of 
the  precipitate  with  hydrofluoric  acid  or  ammonium  fluo- 
ride, when  no  residue  should  remain. 

Certain  silicates  contain  titanic  acid,  which  will  sepa- 
rate out  with  the  silicic  acid,  provided  that  the  residue 
obtained  in  the  first  evaporation  has  not  been  mixed  with 
a  large  quantity  of  hydrochloric  acid,  in  which  instance 
most  of  the  titanic  acid  will  be  dissolved.  For  the  estima- 
tion of  the  titanic  acid  the  residue,  left  after  treating  the 
silicic  acid  with  hydrofluoric  acid  or  ammonium  fluoride, 
is  fused  with  potassium  hydrosulphate,  the  fused  mass 
dissolved  in  water,  filtered  if  necessary,  and  the  titanic 
acid  precipitated  by  continued  ebullition  of  the  filtrate, 
throuo-h  which  a  constant  current  of  carbon  dioxide  is 
conducted  and  the  evaporating  water  replaced.  The 
titanic  acid  is  washed  with  water  and  ignited  with  the 
addition  of  some  solid  ammonium  carbonate.  If  some  of 
the  titanic  acid  has  entered  into  the  hydrochloric  acid 
solution  of  the  residue,  it  will  be  found  with  the  aluminum 
or  iron  precipitate  produced  by  ammonium  hydrate.  This 
precipitate  is  therefore  fused  with  potassium  hydrosulphate, 
the  fused  mass  dissolved  in  cold  water  and  hydrogen  sul- 
phide conducted  into  the  filtrate  to  reduce  any  ferric  oxide 
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jireseiit  to  the  ferrous  state.  After  complete  reduction 
the  titanic  acid  in  the  liquid  is  precipitated  as  above 
directed. 

Should  this  be  the  case,  treat  the  entire  precipitate  in 
a  similar  manner,  heating  the  residue  with  sulphuric  acid, 
and  adding  this  solution  to  that  dissolved  in  hydrochloric 
acid. 

The  estimation  of  silicic  acid  in  the  presence  of  quartz 
has  been  already  described  (p.  84). 

Course  op  Analysis  for  Silicates  Decomposed 

BY  Acids. 

Natrolite. 

Mesotype. 

Composition  Silicic  acid,  aluminum,  sodium,  Avater, 

with  sometimes  small  quantities  of  ferric  and  calcium 
oxides. 

The  finely  pulverized  mineral,  after  being  dried  at  100° 
C,  is  treated  with  hydrochloi-ic  acid,  and  the  above  direc- 
tions strictly  followed. 

The  filtrate  from  the  silicic  acid  is  brought  to  boiling, 
and  ammonium  hydrate,  free  from  carbonic  acid,  then 
added,  causing  the  precipitation  of  the  ferric  and  aluminic 
oxides.  The  boiling  of  the  liquid  should  be  continued 
until  the  odor  of  ammonia  is  no  longer  perceptible ;  the 
precipitate  of  the  oxides  is  then  immediately  filtered, 
washed  with  boiling  water,  dried  and  ignited. 

When  ferric  oxide  is  present,  too  intense  ignition  is  to 
be  avoided,  because  this  will  render  the  iron  more  insolu- 
ble and  consequently  more  difiicult  to  separate  from  the 
alumina. 
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When  tlif  (iiiiuitity  of  calcium  oxide  is  lo  any  cxlcnl  coii- 
sidorable,  the  precipitati;  of  the  aluminum  is  not  perfectly 
pure.  The  liquid  precii)itated  by  the  ammonium  hydrate 
should  then  be  acidihed  with  acetic  acid,  neutralizing  the 
excess  of  the  latter,  however,  with  ammonium.  The 
solution  should  continue  to  give  a  slight  alkaline  reaction. 
Or,  the  supernatant  liquid  is  poured  from  off  the  precipi- 
tate through  a  filter,  the  precipitate  dissolved  in  hydro- 
chloric acid,  the  solution  strongly  diluted  with  water,  and 
the  precipitation  repeated. 

The  weighed  aluminum  oxide  contains  all  the  ferric 
oxide  and  generally  also  the  small  quantity  of  silicic  acid 
that  may  have  passed  into  solution.  Digest  the  precipi- 
tate with  fuming  hydrochloric  acid,  removing  the  excess 
of  acid  by  evapoi*ation,  and  after  filtering  off  the  silicic 
acid,  determine  the  iron  volumetrically  (according  to  pp. 
75  and  80)  in  the  filtrate. 

The  calcium  oxide  in  the  filtrate  from  the  aluminum  pre- 
cipitate is  thrown  down  as  calcium  oxalate  upon  the  addi- 
tion of  ammonium  oxalate,  and  by  ignition  converted  into 
calcium  oxide  (p.  14).  According  to  the  quantity  of 
calcium  present  there  can  very  readily  some  alkali  pass 
over  into  the  precipitate.  That  the  calcium  oxalate  may 
be  entirely  pure,  it  is  necessary  to  re-dissolve  the  precipi- 
tate, after  filtering,  in  hydrochloric  acid  and  repeat  the 
precipitation. 

The  filtrate  contains,  besides  the  ammonia  salts,  also 
the  sodium  in  form  of  chloride.  Evaporate  the  same  to 
dryness  in  a  platinum  or  porcelain  dish,  expel  the  ammo- 
nia salts  by  gentle  ignition,  and  estimate  the  sodiLim 
cliloride,  after  transferring  the  residue  to  a  platinum  cru- 
cible and  igniting  gently,  covering  the  crucible  during  the 
ignition  with  a  lid  (p.  26). 

The  quantity  of  water  in  mesotype  is  obtained  by  ignit- 
ing the  mineral,  previously  dried  at  100°  C.,  in  a  pla- 
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tinum  crucible,  until  constant  weiglit  is  obtained.  It  is 
always  well  to  use  coarse  powder  or  small  pieces  of  the 
mineral  for  this  purpose,  because  the  fine  powder  can  be 
readily  carried  away  by  the  air-current  from  the  lamp. 

Prehnite. 

Composition  Hydrous  silicate  of  calcium  and  alumi- 
num oxides,  generally  combined  with  varying  quantities 
of  ferric  and  manganous  oxides  and  the  alkalies. 

The  analysis  can  be  performed  precisely  as  that  of 
natrolite,  only  here  a  second  precipitation  of  the  aluminum 
and  calcium  oxides  is  absolutely  required. 

As  prehnite  generally  contains  but  mere  traces  of  man- 
ganese (0.3  per  cent.),  this  may  be  precipitated  as  sulphide 
by  the  addition  of  a  few  drops  of  ammonium  sulphide  to 
the  filtrate  from  the  calcium  oxalate. 

The  filtrate  from  the  manganese  sulphide  is  acidified 
with  hydrochloric  acid,  heated  until  the  liquid  no  longer 
yields  the  odor  of  hydrogen  sulphide,  and  then  filtered 
from  any  sulphur  that  may  have  separated.  In  the  fil- 
trate the  alkalies  are  determined  in  the  usual  manner. 

In  estimating  the  water  present  it  is  well  to  observe 
that  many  varieties  of  prehnite  contain  organic  substances, 
which  of  course  blacken  upon  the  application  of  heat,  but 
gradually  burn  white.  This  being  the  case,  the  water 
should  be  determined  directly  by  weighing  (p.  36). 

If  it  is  desired  to  directly  determine  the  organic  matter 
present,  this  may  be  done  according  to  a  method  to  be 
subsequently  described,  i.  e.,  by  heating  a  weighed  portion 
of  the  mineral  together  with  cupric  oxide  in  a  stream  of 
oxygen  gas,  and  weighing  the  carbon  dioxide  that  is 
formed. 
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Datolite. 

Composition.— Hydrous  silicate  of  calcium,  with  calcium 
borate  ;•  sometimes  aluminum  and  magnesium. 

The  finely  powdered  and  dried  mineral  is  subjected  to 
the  same  mode  of  treatment  as  given  in  the  analysis  of 
natrolite.  In  the  filtrate  from  the  silicic  acid  precipitate 
the  aluminum  with  ammonium  hydrate  free  from  carbon 
dioxide.  The  precipitate  of  aluminum  oxide  always  con- 
tains boracic  acid,  which  may  be  removed  by  pouring 
hydrofluoric  acid  over  the  dried  precipitate  placed  in  a 
platinum  crucible,  or  mixing  it  with  ammonium  fluoride, 
adding  a  few  drops  of  concentrated  sulphuric  acid,  and 
applying  heat  whereby  the  boracic  acid  will  be  completely 
volatilized  as  boron  fluoride.  The  sulphuric  acid  may  be 
expelled  by  continuing  the  heating  for  some  time,  adding 
ammonium  carbonate  now  and  then. 

In  the  filtrate  from  the  aluminum  oxide  precipitate  the 
calcium  as  oxalate,  and  in  the  filtrate  from  the  latter  throw 
down  the  magnesium  as  ammonium-magnesium  phosphate 
(p.  16). 

The  boracic  acid  is  generally  estimated  by  loss.  To 
determine  it  directly,  mix  a  weighed  portion  of  the  silicate 
with  four  times  its  quantity  of  potassium  carbonate,  fuse, 
and  boil  the  fused  mass  with  water,  washing  the  filtered 
residue  with  the  same,  and  precipitate  the  silicic  acid, 
aluminum  and  calcium  with  ammonium  carbonate,  remov- 
ing, however,  the  final  traces  of  silicic  acid  by  ammonium- 
zinc  oxide.  (See  p.  116.) 

The  liquid  thus  finally  obtained  perfectly  free  from 
silicic  acid,  alumina,  and  calcium  oxide,  is  supersaturated 
with  hydrofluoric  acid,  and  evaporated  to  dryness.  By 
treating  the  residue  with  a  20  per  cent,  solution  of  potas- 
sium acetate,  the  boron  will  i-emain  behind  as  potassium 
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l)orofliioridc,  wliicli  may  be  estimated  as  such.  (See 
p.  121.) 

Determine  tlie  water  as  directed  in  the  analysis  of  Na- 
trolite. 

Olivine. 

Composition — Silicate  of  ferric  and  magnesium  oxides. 

Digest  the  dried  mineral  with  hydrochloric  acid,  and 
separate  the  silicic  acid  as  heretofore.  The  residue  should, 
however,  only  be  heated  upon  the  water-bath  to  dusty 
dryness,  because  if  heated  strongly  some  of  the  ferric  oxide 
will  remain  undissolved  upon  subsequent  treatment  with 
hydrochloric  acid.  The  filtrate  is  heated  with  nitric  acid 
or  pulverized  potassium  chlorate  added  to  convert  ferrous 
oxide  into  ferric  oxide,  and  the  latter  then  precipitated 
from  a  boiling  solution  by  the  addition  of  ammonium  hy- 
drate (p.  24), 

The  magnesium  is  precipitated  in  the  filtrate  from  the 
ferric  oxide  by  sodium -ammonium  phosphate  (p.  16). 
When  the  olivine  contains  aluminum,  the  weighed  precipi- 
tate of  ferric  oxide  represents  the  combined  weight  of  it 
and  aluminum ;  therefore  determine  the  iron  volumetrically 
in  a  separate  portion  (p.  75  or  p.  80). 

Many  olivines  contain  minute  traces  of  copper,  tin, 
manganese,  and  nickel.  When  this  is  the  case,  the  first 
two  metals  may  be  removed  by  precipitating  them  with, 
hydrogen  sulpliide  in  the  filtrate  from  the  silicic  acid. 
When  the  quantity  of  the  sulphides  thus  obtained  is  in 
any  measure  considerable,  it  would  be  advisable  to  digest 
them  with  a  solution  of  sodium  sulphide.  The  tin  in  the 
filtered  liquid  is  then  determined  according  to  page  55, 
and  the  undissolved  copper  sulphide  weighed  as  such. 

Wlien  manganese  and  nickel  are  present  precipitate 
them  in  the  filtrate  from  the  ferric  oxide  by  adding  a  few 
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drops  of  iuninonuim  sulphulo,  und  determine  the  magne- 
sium in  the  filtrate. 

By  pouring  a  mixture  of  hydrochloric  acid  and  hydro- 
gen sulphide  (p.  104)  over  tlie  precipitate  upon  the  filter 
produced  by  ammonium  sulphide,  the  manganese  will 
enter  into  solution,  and  may  be  roprecipitatcd  as  such  and 
determined.  By  igniting  the  residual  nickel  sulphide  with 
air  contact,  the  oxide  is  formed  and  as  such  weiglied. 

Lievrite. 

Ilvaite. 

Composition.— Silicdte  of  ferrous  and  ferric  oxides ;  with 
generally  small  quantities  of  aluminum  and  manganous 
oxides. 

The  decomposition  of  the  mineral  is  efFected  by  hydro- 
chloric acid,  and  the  silicic  acid  separated  by  evaporating  ^ 
the  liquid  to  dryness.   (See  Olivine,  p.  130.) 

Boil  the  filtrate  from  the  silicic  acid  with  nitric  acid  or 
potassium  chlorate  to  oxidize  the  ferrous  oxide  to  the  cor- 
responding higher  compound,  and  precipitate  the  latter 
from  its  solution  after  the  addition  of  sodium  carbonate 
by  the  addition  of  sodium  acetate  (p.  73). 

The  precipitate  contains  not  only  the  ferric  oxide,  but 
all  the  aluminum,  and  usually  small  quantities  of  silicic  acid, 
which  may  be  extracted  by  digesting  the  precipitate,  after 
gentle  ignition  and  weighing,  with  fuming  hydrochloric 
acid,  the  excess  of  which  is  evaporated  and  the  silica  fil- 
tered off  after  diluting  the  solution  with  water.  The  alu- 
minum is  found  by  difference,  if  the  found  silicic  acid  and 
the  iron  calculated  as  ferric  oxide  are  deducted  from  the 
original  weight  of  the  precipitate. 

When  ferric  oxide  is  rendered  insoluble  by  ignition  in 
hydrochloric  acid,  it  may  be  brought  into  solution  by  fusion 
with  potassium  hydrosulphate.  (See  p.  82.) 
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Tlie  liquid  from  the  ferric  oxide  is  mixed  with  ammo- 
nium oxalate  (p.  13)  for  the  precipitation  of  the  calcium 
and  the  manganese  thrown  down  in  the  filtrate  as  sulphide 
(p.  21)  after  previous  neutralization  with  ammonium. 

When  determining  the  ferric  in  the  presence  of  ferrous 
oxide  proceed  as  heretofore  directed  (Magnetic  Iron,  p. 
86).  Dissolve  the  mineral  in  hydrochloric  acid,  conduct- 
ing a  stream  of  carbon  dioxide  into  the  solution  durins: 
the  operation,  and  bring  the  solution  without  filtering  to  a 
definite  volume.  Determine  in  the  one-half  the  ferrous 
oxide  with  potassium  bichromate  (p.  79),  and  in  the 
other  the  ferric  oxide  with  stannous  chloride  (p.  80). 

"When  concentrated  sulphuric  acid  (see  Chromic  Iron, 
p.  88)  has  been  used  instead  of  hydrochloric  acid  for 
the  decomposition  of  the  mineral  after  diluting  with  water, 
the  ferrous  oxide  may  be  determined  in  the  one-half  by 
means  of  potassium  permanganate  (p.  75). 

Ultramarine. 

Composition  Aluminum,  sodium,  silicic  acid,  and  sul- 
phur, and  generally  slight  traces  of  ferric  oxide,  calcium 
oxide,  potassium,  sulphuric  acid  and  chlorine. 

The  pulvei'ized  substance  is  first  dried  and  then  digested 
with  hydrochloric  acid,  when  hydrogen  sulphide  gas  is 
disengaged,  and  silicic  acid,  together  with  sulphur,  sepa- 
rates out.  When  the  decomposition  is  complete,  the 
silicic  acid  is  separated  as  usual,  and  the  precipitate,  con- 
sisting of  silicic  acid  and  sulphur,  is  ignited,  which  will 
volatilize  the  latter. 

In  the  filtrate  froin  the  silicic  acid  the  sulphuric  acid  is 
thrown  down  by  the  addition  of  barium  chloride  (p.  15), 
and  any  excess  of  the  latter  in  the  filtrate  of  the  barium 
sulphate  removed  with  sulphuric  acid. 
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The  ulumimim  in  the  filtrate  from  tlic  barium  sulplinte 
is  deteriuiiied  by  double  pn!cii)itiitiou  with  ammonium 
hydrate,  and  the  silicic  acid  that  may  be  present  in  the 
filtrate  is  separated  according  to  page  127.  Since  in  the 
presence  of  suli)huric  acid  tlie  latter  invariably  passes 
over  into  the  aluminum  precipitate,  the  latter  should  be 
strongly  ignited  (p.  37),  which  will  render  insoluble  in 
hydrochloric  acid  any  ferric  oxide  present  ;  therefore,  in 
order  to  estimate  the  iron  volumetrically,  fuse  the  pre- 
cipitate with  potassium  hydi-osulphate,  and  filter  off  the 
silicic  acid  after  dissolving  the  fused  mass  in  water,  or 
determine  the  iron  in  a  second  portion  of  the  substance. 

Mix  the  filtrate  from  the  aluminum  hydrate  with  am- 
monium oxalate,  determining  the  calcium  as  oxalate,  and 
converting  the  latter  into  carbonate  or  oxide  (p.  14). 

The  filtrate  from  the  calcium  precipitate  is  evaporated 
to  dryness  to  determine  the  alkalies,  and  the  residue 
ignited  to  expel  ammoniacal  salts.  The  sulphates  thus 
obtained  are  then  weighed  (p.  37). 

When  potassium  and  sodium  are  present,  their  weighed 
sulphates  are  previous  to  their  separation  converted  into 
chlorides  (p.  47). 

Sulphur  Determination — The  conversion  of  the  sul- 
phur into  sulphuric  acid  may  be  accomplished  by  follow- 
ing the  method  given  at  page  111,  or  by  adding  potassium 
chlorate  to  the  finely  divided  mineral  and  pouring  over  it 
nitric  acid  (about  50  C.  C.)  of  specific  gravity  1.36.  The 
vessel,  covered  with  a  watch-glass  or  funnel,  is  warmed 
upon  a  water-  or  sand-bath,  potassium  chlorate  being  added 
from  time  to  time.  When  the  oxidation  is  complete,  and 
the  liquid  has  become  cool,  add  to  it  hydrochloric  acid 
and  evaporate  to  dryness,  dissolving  the  residue  in  water 
and  precipitating  the  sulphuric  acid  with  barium  chloride 
(p.  15)  in  the  filtrate  from  the  silicic  acid. 
12 
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Sliould  the  liquid  to  be  precipitated  contsiin  undecom- 
posed  potassium  chlorate  or  nitrate,  the  obtained  barium 
sulphate  will  be  rendered  impure  by  barium  chlorate  or 
nitrate.  Tlie  former  of  these  impurities  may  be  easily 
removed  by  digesting  the  ignited  barium  sulpliate  with 
dilute  hydrochloric  acid.  The  barium  nitrate,  liowever, 
is  only  imperfectly  removed  by  it. 

When  employing  this  method,  care  should  be  exercised 
that  the  nitrates  be  completely  decomposed  previous  to 
the  precipitation  with  barium  cliloride.  This  may  very 
readily  be  obtained  by  repeatedly  evaporating  the  nitrate 
solution  to  dryness  upon  a  water-bath,  with  frequent  addi- 
tion of  strong  liydrochloric  acid. 

It  is,  of  course,  understood  that,  in  the  calculation  of 
the  analysis,  the  amount  of  sulphuric  acid  existing  as  such 
must  be  deducted  from  that  formed  by  the  oxidation  of 
the  sulphur  comi)Ound. 

To  estimate  the  amount  of  sulphur  escaping  as  hydrogen 
sulphide,  when  ultramarine  is  treated  with  an  acid,  the 
evolved  gas  is  converted  into  sulphuric  acid. 

For  the  execution  of  this  operation,  the  following  appa- 
ratus* is  employed.    (See  Fig.  12.) 

The  flask  K,  of  about  500  C.  C.  capacity,  is  connected 
on  the  one  side  with  a  carbon  dioxide  generator,  upon  the 
other  with  the  absorption  tube  a,  filled  with  pieces  of 
glass.  The  latter,  which  may  be  replaced  by  a  burette, 
provided  with  a  side  supply-tube,  is  about  60  Cm.  long 
and  2  Cm.  wide.  The  separatory  funnel  b  is  filled  with  a 
solution  of  bromine  in  hydrochloric  acid,  and  d  with  hy- 
drochloric acid.  The  bromine  vapors  that  are  evolved  in 
the  decomposition  are  absorbed  by  hydrochloric  acid 
placed  in  an  adjoining  jar,  into  which  the  glass  tube  in  a, 
bent  at  right  angles  (only  indicated),  dips. 


*  Also  been  used  hi  determining  the  sulphur  in  illuuuuating 
iriis,  cast  iron,  etc. 
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When  the  apparatus  has  been  arranged,  tlie  weighed 
amount  of  ultramarine  is  brought  into  K,  and  then  enough 
water  added  to  just  cover  the  end  of  the  tube  conducting 
in  the  carbon  dioxide.  Allow  the  bromine  solution  to 
pass  from  b  into  a,  drop  by  drop,  until  the  lower  con- 
tracted part  of  the  tube  is  filled,  then  gradually  open  the 
cork  of  the  funnel  d. 


"When  the  liberation  of  gas  is  no  longer  perceptible,  on 
the  addition  of  hydrochloric  acid,  the  contents  of  the  flask 
are  heated  slowly  to  boiling,  while,  at  the  same  moment, 
the  glass  pinch-cock  e  is  opened,  and  a  continuous  stream 
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of  carbon  dioxide  allow(;d  to  pass  througli  the  apparatus, 
until  all  the  hydrogen  sulpliide  has  been  expelled.  The 
bromine  oxidizes  the  latter  perfectly  to  sulphuric  acid. 
As  this  occurs,  the  bromine  solution  in  the  absorption 
tube  a  will  be  decolorized,  and  allowed  to  pass  into  a 
beaker  placed  beneath,  and  at  the  same  time  immediately 
replaced  by  opening  the  glass  stopcock  of  the  funnel  h. 
In  order  that  all  the  hydrogen  sulphide  may  be  oxidized 
to  sulphuric  acid,  care  must  be  taken  that  the  upper 
half  of  the  glass  pieces  in  a  is  kept  moistened  with 
vmdecomposed  bromine  during  the  entire  process.  This 
we  can  readily  accomplish,  by  permitting  the  bromine 
solution  to  drop  in  continually,  while,  at  the  same  time, 
the  liquid  collected  in  the  lower  portion  of  the  tube  is 
allowed  to  flow  out. 

In  no  instance  should  so  much  liquid  be  allowed  to  col- 
lect in  a,  that  by  accidental  sucking  back  it  could  reach 
K.  It  is  also  to  be  avoided,  because  otherwise  the  carbon 
dioxide  would  not  be  in  condition  to  overcome  the  pressure 
of  the  liquid  contained  in  o. 

After  the  completion  of  the  decomposition,  rinse  out 
the  tube  with  Avater,  removing  the  bromine  and  hydro- 
chloric acid  by  evaporation,  and  determine  the  sulphuric 
acid,  as  usual,  with  barium  chloride. 

The  chlorine  in  ultramarine  is  determined  with  silver 
nitrate  in  another  portion  of  the  substance. 

Puddle  Slag. 

Composition  Ferrous  and  ferric  oxides,  metallic  iron 

manganous  oxide,  cupric  oxide,  alumina,  calcium  oxide, 
magnesia,  silicic  acid,  sulphuric,  phosphoric,  and  titanic 
acids. 


Decompose  the  liiiely  iiowde.red  and  dried  at 

C,  with  liydr()ehh)rie  acid,  separating-  liie  tiilicie  acid  as 
directed  iu  tlic  Nulrolite  analysis  (p.  12(;).  Titjuiic  a(;id 
when  present  will  be  discovered  with  the  silicic  acid. 
(See  p.  125.) 

The  method  of  analysis  follows  from  the  observations 
made  in  the  analyses  of  iron  ores;  therefore,  I  refer  to 
these. 

When  sodium  acetate  is  used  in  the  separation  of  iron 
from  manganese,  the  latter,  instead  of  being  [jreeipitated 
by  ammonium  sulphide,  may  be  thrown  down  as  the  hy- 
drate of  the  superoxide,  by  the  addition  of  strong  chlorine 
water  to  the  liltrate,  and  this  when  ignited  with  access  of 
air  passes  into  the  protosesquioxide,  which  is  weighed  as 
such*  (p.  21). 

To  this  end  concentrate  the  filtrate  from  the  iron  pre- 
cipitate, and  add  chlorine  water  to  the  boiling  liquid  until 
it  smells  decidedly  of  the  reagent  added.  The  oxidation 
may  be  considered  complete  when  the  li(iuid  above  the 
separated  brown-black  manganese  a[)pears  red,  owing  to 
the  production  of  permanganic  acid.  A  few  drops  of  alco- 
hol may  now  be  added,  and  the  boiling  renewed  and  con- 
tinued until  the  liquid  becomes  colorless. 

Bromine  may  re[)lace  chlorine  water.  Add  a  few  drops 
of  it  to  the  solution  heated  to  about  50°  C.  Heat  should 
be  applied  until  the  excess  of  bromine  lias  been  expelled, 
i.  e.,  until  the  liquid  becomes  colorless,  when  tlie  man- 
ganese binoxide  is  filtered,  washed  with  water  containing 
hydrochloric  acid  (1  vol.  hydrochloric  acid  and  99  vols, 
water),  then  with  perfectly  [jure  water. 

*  The  oxidation  of  the  manganese  by  broiniiie  or  chlorine 
will  not  be  perfect  in  the  presence  of  aniinoniacal  salts,  and  for 
this  reason  tlie  iron  is  not  separated  according  to  the  method 
dusc'i'lljcd  on  page  72. 

12* 
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In  the  filtrate  from  the  manganese  determine  the  cal- 
cium oxide  and  magnesia  as  ordinarily  done. 

A  separate  portion  of  the  substance  is  taken  for  the 
estimation  of  the  ferrous  when  ferric  oxide  is  present. 
The  decomposition  is  best  effected  by  heating  with  sul- 
phuric acid  in  a  sealed  tube  (p.  91).  In  using  hydro- 
chloric acid  to  dissolve  the  slag,  if  the  ferrous  oxide  is  to 
be  determined  with  a  permanganate  solution,  regard 
should  be  had  to  what  was  said  on  page  78.  In  this  case 
it  is  decidedly  more  practical  to  determine  the  ferrous 
oxide  with  potassium  Chromate  (p.  79). 

In  determining  the  metallic  iron  about  5  grms.  of  the 
slag  are  placed  in  a  platinum  dish,  and  to  this  is  added  a 
solution  of  copper  sulphate,  which  causes  a  quantity  of 
metallic  copper  (CuSO^-fFe=FeSO^+Cu)  corresponding 
to  the  iron  to  be  precipitated. 

After  proti-acted  standing  and  frequent  agitation,  the 
copper,  together  with  undecomposed  slag,  is  filtered  oflT, 
washed  perfectly  with  water,  and  the  residue  digested 
with  nitric  acid,  which  dissolves  the  copper.  The  acid  is 
evaporated,  and  the  copper  precipitated  from  the  aqueous 
solution,  acidified  with  hydrochloric  acid,  as  copper  sul- 
phide. 

When  the  slag  contains  copper  per  se,  the  correspond- 
ing amount  ot  copper  sulphide  is  to  be  deducted. 

It  is  of  course  understood  that  in  the  presence  of  metal- 
lic iron,  which,  upon  treatment  with  hydrochloric  acid, 
passes  into  solution  as  ferrous  chloride,  the  amount  of  the 
latter  will  be  considered  when  calculating  the  directly 
determined  ferrous  oxide. 

The  estimation  of  the  phosphoric  and  sulphuric  acids 
results  most  favorably  when  separate  portions  of  the  slag 
are  fused  with  sodium  carbonate,  or  sodium  carbonate  and 
silica.  (See  p.  83.) 
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Slags  from  the  Smelting  of  Copper  and  Lead 

Ores. 

Compositt'on  Ferrous    oxido,    ulumiiui,  lUiinguiiou.s 

oxide,  ciiprie  oxide,  lead,  buriuin,  euleiuni  and  niiignesiiim 
oxides,  alknlies,  silicie  acid,  sidplniric  acid  and  sulphur.* 

Pulverize  and  dry  the  slag  at  100°  C,  decomposing  it 
with  nitric  acid,  and  separating  the  silicic  acid  as  directed 
on  page  123.  When  barium  oxide  is  present  barium  sulphate 
will  be  mixed  with  it.  To  ascertain  tlie  amount  of  the 
latter,  heat  the  weighed  precipitate  with  hydrofluoric  acid, 
or  mix  it  with  ammonium  fluoride  (p.  125),  and  determine 
the  residual  weight. f  The  silicic  acid  is  represented  by 
the  difference. 

When  a  considerable  quantity  of  lead  is  present  a  por- 
tion of  this  may  separate  out  with  the  silicic  acid  as  crys- 
talline lead  chloride.  This  is  very  slowly  dissolved  when 
Avashed  with  water.  This  being  tlie  case,  the  residual 
silicic  acid  is  washed  with  boiling  water,  and  then  trans- 
ferred to  the  filter. 

To  determine  the  lead  the  filtrate  is  evaporated  with 
sulphuric  acid  to  expel  the  hydrochloric  acid,  and  the  lead 
weighed  as  sulphate  (p.  49).  When  a  considerable  quan- 
tity of  iron  is  present,  some  of  the  ferric  oxide  may  very 
readily  be  involved  with  the  lead  precipitate,  and  it  is 
therefore  advantageous  to  continue  the  evapoi-ation  only 
until  the  greater  portion  of  the  hydrochloric  acid  has  been 
driven  away,  then  mix  the  liquid  with  ammonium  hydrate 

*  Besides  these  constituents  these  slags  may  contain  arsenic, 
antimony,  bismuth,  zinc,  cobalt,  nickel,  etc.  For  the  deter- 
mination of  these  substances  refer  to  the  analyses  of  Refined 
Lead  and  Raw  Copper. 

f  Examine  the  residue  qualitatively. 
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until  the  precipitate  pi-oduced  remuins,  then  redissolve  in 
sulphuric  acid.  To  the  liquid  udd  one-third  volume  alco- 
hol for  the  complete  separation  of  the  lead  sulphate. 

Expel  the  alcohol  from  the  lead  filtrate  and  preci[)itate 
and  weigh  the  copper  as  sulphide  (p.  48).  When,  how- 
ever, arsenic  and  antimony  are  present,  the  precipitated 
sulphides  should  be  digested  witli  sodium  sul]jhide,  which 
will  dissolve  the  arsenic  and  antimony  sulphides  (p.  87). 

After  separating  the  copper,  expelling  the  hydrogen 
sidphide  from  the  filtrate,  and  oxidizing  the  iron  by  the 
addition  of  nitric  acid  or  potassium  chlorate,  the  further 
analysis  is  executed  according  to  the  methods  described 
on  page  71,  with  the  only  difference  that  here  the  small 
quantity  of  manganese  is  best  precipitated  by  chlorine. 
(See  p.  137.) 

The  alkalies  in  the  slag  are  determined  in  a  separate 
portion.  The  filtrate  from  the  silicic  acid  is  treated  first 
with  hydrogen  sulphide,  then  with  ammonium  sulphide 
and  ammonium  oxalate,  and  the  filtrate  heated  with  hydro- 
chloric acid  to  destroy  the  ammonium  sulphide,  and  after 
the  expulsion  of  the  hydrogen  sulphide  the  liquid  is 
evaporated  to  dryness  with  addition  of  oxalic  acid  or  am- 
monium oxalate.  The  residue  is  gently  ignited  and  ex- 
tracted with  water  (p.  45).  In  the  filtrate  from  the 
magnesia  the  alkalies  are  determined  as  sulphates.  For 
the  separation  of  potassium  sulphate  from  sodium  sulphate, 
see  page  47. 

If  hydrogen  sulphide  is  liberated  when  the  slag  is 
treated  with  a  dilute  acid,  the  sulphur  is  determined  ac- 
cording to  the  method  given  on  page  134. 

The  sulphuric  acid  is  determined  in  a  separate  portion. 
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Clay. 

As  regards  tlie  meclijinical  analysis  of  clay,  see  Frese- 
nius's  article,  "Investigation  of  the  most  important  Nas- 
sau Clays,"  Journ.  f.  prakt.  Chemie,  Ivii.  G5.  The 
elutriation  apparatus  of  Fr.  Schulze  is  also  described  in 
the  Journ.  f.  prakt.  Chemie,  xlvii.  241. 

Composition  Hydrous  silicate  of  aluminum,  with  vari- 
able amounts  of  ferric  oxide  (also  ferrous  oxide),  calcium 
oxide,  magnesia  (often  present  as  carbonate),  alkalies, 
organic  matter,  and  arenaceous  quartz. 

Clays  are  not  perfectly  decomposed  by  hydrochloric  acid, 
but  are  in  the  rule  when  heated  Avith  sulphuric  acid.*  For 
this  purpose  the  pulverized  specimen  dried  at  100°  C.  is 
placed  in  a  platinum  dish,  with  an  excess  of  sulphuric  acid 
hydrate  (equal  volumes  concentrated  sulphuric  acid  and 
water),  the  whole  heated  to  boiling,  and  the  ebullition 
continued  until  all  the  sulphuric  acid  has  been  expelled. 
After  cooling,  this  operation  is  repeated,  and  the  residue, 
with  addition  of  hydrochloric  acid  and  the  application  of 
heat,  finally  dissolved  in  water. 

The  decomposition  of  clays  with  sulphuric  acid  suc- 
ceeds very  well  when  they,  finely  divided,  are  stirred  up  with 
sufficient  concentrated  sulphuric  acid  to  form  a  paste,  and 
then  heated  in  a  porcelain  air-bath  to  300°  C.  (Fig.  13.) 

*  If  the  heating  with  sulphuric  acid  Is  prosecuted  in  sealed 
glass  tubes  (see  p.  91),  the  aluminum  silicates  are  fully  decom- 
posed. If  this  process  is  not  desirable,  and  if  the  clay  is  not 
perfectly  decomposed  by  boiling  with  sulphuric  acid  hydrate, 
this  may  be  effected  by  fusion  with  sodium  carbonate.  (See 
page  143.)  The  alkalies  may  be  determined  in  a  second  por- 
tion by  decomposing  with  hydrofluoric  acid  or  ammonium  fluo- 
ride (p.  144). 
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The  decomposition  is  generally  complete  at  the  expira- 
tion of  three  or  four  hours.  The  residue  sliould  not  yield 
a  gritty  sound  when  rubbed  with  a  glass  rod;  this  will, 
however,  always  occur  to  some  extent  when  sand  is  pre- 
sent. When  it  is  very  gritty  the  residue  is  moistened 
again  with  sulphuric  acid,  and  digested  until  it  is  fully 
expelled. 


Fig.  13. 


The  silicic  acid,  insoluble  in  hydrochloric  acid,  after 
washing  with  water,  is  ignited  and  weighed.  By  subse- 
quent boiling  with  a  solution  of  sodium  carbonate  the 
quantity  of  arenaceous  sand  mixed  with  the  silicic  acid  is 
obtained.  The  residual  quartz  should  be  examined  for 
undecomposed  silicates,  viz.,  feldspar,  etc. 

The  aluminum  and  calcium  oxides  are  separated  from 
each  other  as  given  in  the  analysis  of  Natrolite  on  page  126, 
and  the  magnesia  and  alkalies  as  directed  on  page  45. 

When  a  ferruginous  clay  is  being  examined,  the  ferrous 
or  ferric  oxide  had  better  be  determined  volumetrically 
in  a  second  portion  of  the  substance  (p.  91),  and  the 
corresponding  amount  of  ferric  oxide  subtracted  from  the 
weijrht  of  the  alumina. 

The  carbon  dioxide  from  the  carbonates  that  may  be 
present  is  estimated  according  to  page  33. 
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Provided  tluit  the  cliiy  contains  neither  organic  niiit(3- 
riid  nor  ferrous  oxide,  tlie  water  may  be  determined  by 
igniting  a  weighed  portion  of  substance  in  a  phitinuni 
crucible,  or  it  may  be  directly  estimated  (p.  3G)  when 
the  loss  by  ignition  will  approximately  represent  the 
qiumtity  of  water  and  organic  substance. 

The  presence  of  carbonates  renders  this  mode  of  estima- 
tion valueless,  because  of  the  simultaneous  liberation  of 
carbon  dioxide. 

Determination  of  the  Silicic  Acid  in  Silicates  not  de- 
composed hy  Acids  When  a  silicate  is  mixed  either 

with  sodium  or  potassium  carbonate  and  fused,  there  is 
produced,  by  the  addition  of  an  alkali,  a  silicate  decom- 
posable with  acids.  The  object  of  the  fusion  of  the  sili- 
cate with  an  alkaline  carbonate  is,  therefore,  merely  to 
withdraw  from  the  former  a  portion  of  its  silicic  acid, 
converting  it  then  into  an  analogous  compound  which 
acids  will  decompose. 

In  prosecuting  the  decomposition  of  a  silicate  in  this 
manner,  the  substance,  finely  powdered  and  dried  at  100° 
C,  is  thoroughly  mixed,  in  a  platinum  cnicible,  with  four 
to  five  times  its  weight  of  a  mixture  of  sodium  or  potas- 
sium carbonate  (5  :  7),  then  brought  to  fusion,  until 
carbon  dioxide  no  longer  escapes,  and  the  mass  is  per- 
fectly liquefied.  When  a  Bunsen  burner  has  been  em- 
ployed in  the  fusion,  the  decomposition  will  require  at  least 
half  an  hour  for  its  completion,  whereas  a  blast-lamp  will 
produce  the  same  result  in  a  much  shorter  (about  ten 
minutes)  period.  If  a  platinum  dish  is  at  your  imme- 
diate disposal,  pour  the  liquid  contents  of  the  crucible  into 
it,  or  place  it  upon  a  cold  iron  plate,  when,  after  cooling, 
the  contents  may  be.  easily  loosened  by  pressing  together 
the  sides  of  the  crucible.  The  fused  mass  and  crucible 
are  translerred  to  a  bedier  glass,  and  20-30  times  its 
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quantity  of  water  poured  upon  it,  and  lieat  apjdied. 
After  disintegrating  the  mass  thorougldy,  add  dilute 
hydrochloric  acid,  and  assure  yourself  that  complete  solu- 
tion is  efiected  before  evaporating  tlie  hydrochloric  acid 
solution  to  dryness.  Tlie  silicic  acid  is  rendered  insoluble* 
by  evaporating  the  solution  either  in  a  porcelain  or  pla- 
tinum dish,  and  heating  the  residue  in  an  air-  or  water- 
bath  to  120°  C,  until  it  becomes  dusty-dry  in  its  appear- 
ance. As  regards  the  rest,  proceed  as  directed  on  page 
124.  To  assure  yourself  that  all  the  oxides  present  have 
passed  into  solution,  it  is  advisable  to  extract  the  residual 
silicic  acid  several  times  with  warm  hydrochloric  acid 
before  bringing  it  upon  the  filter. 

The  silicic  acid,  perfectly  purified  by  washing  with  hot 
water,  is  dried,  ignited,  and  weighed  (p.  124). 

Determination  of  the  Alkalies  in  Silicates  not  decom- 
posed hy  Hydrochloric  Acid  In  the  fusion  of  a  silicate 

with  an  alkaline  carbonate,  the  determination  of  the  alka- 
lies present  in  it  is  of  course  impossible,  and  some  other 
means  of  decomposition  must  be  used.  A  mixture  of 
hydrofluoric  acid  and  sulphuric  acid,  or  pure  hydrofluoric 
acid,  or  even  ammonium  fluoride,  is  resorted  to  in  this 
case.t 

When  a  silicate  is  heated  with  hydrofluoric  acid  or 
ammonium  fluoride,  a  volatile  fluoride  of  silicium  is  disen- 
gaged, while  the  fluorides  of  the  oxides  present  compose 
the  residue,  and  are  dissolved  as  chlorides  when  heated 

*  Under  certain  circumstances  the  silicic  acid  can  remain 
entirely  dissolved  in  the  employed  acid,  particularly  where  too 
great  an  excess  of  alkaline  carbonate  has  been  used,  or  when  a 
minute  quantity  of  silicic  acid  is  present. 

f  By  previous  ignition  of  the  silicate,  its  subsequent  decom- 
position by  hydrofluoric  acid  or  ammoulum  fluoride  is  rendered 
much  easier. 
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with  hyarocUloric  iicid,  willi  volutilizution  of  the  hydro- 
id. 

Decomposition  by  means  of  Hydrofluoric  Acid — Bring 
the  finely  pulverized  and  dried  silicate  into  a  platinum 
dish,  pouring  over  it  concentrated  hydrofluoric  acid,  or 
better,  a  mixture  of  sulphuric  acid  (equal  parts  of  con- 
centrated sulphuric  acid  and  water),  and  concentrated 
hydrofluoric  acid  (1  part  of  sulphuric  acid  with  two  to 
three  parts  of  hydrofluoric)  and  then  apply  heat  to  incipi- 
ent ebullition.  When  the  decomposition  is  complete,* 
evaporate  the  solution  to  dryness,  expelling  the  sulphuric 
acid  finally  by  heat ;  the  latter,  however,  should  not  be 
too  intense,  because  certain  of  the  oxides  (Al^Og  and 
Fe^Og)  would  otherwise  be  rendered  very  difficultly  solu- 
ble. After  cooling,  heat  the  residue  with  concentrated 
hydrochloric  acid,  continuing  the  operation  some  time, 
with  the  frequent  addition  of  water ;  and,  should  there 
still  be  some  undissolved  material,  it  may  result  from 
undecomposed  substance  ;  and  when  barium  is  present,  it 
may  be  due  to  the  barium  sulphate.  The  residue  should 
be  examined  qualitatively,  and  the  above  treatment  finally- 
repeated. 

Decomposition  hy  means  of  Ammonium  Fluoride — 
The  employment  of  ammonium  fluoride  in  the  decompo- 
sition of  silicates  has  some  preference  to  hydrofluoric  acid, 
because  it  is  much  more  easily  obtained ;  and  certain  sili- 
cates, also,  that  are  only  very  slowly  attacked  by  hydro- 
fluoric acid,  are  very  easily  decomposed  by  ignition  with 
ammonium  fluoride. 


*  Most  silicates  are  very  rapidly  decomposed  by  this  means, 
the  decomposition  being  complete  in  about  5  to  10  minutes. 
13 
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In  analysis,  the  pulverized  and  dried  silicate  is  mixed 
in  a  platinum  crucible,  with  seven  to  eight  times  its  quan- 
tity of  ammonium  fluoride,  vv^ater  added,  and  heat  applied 
upon  a  water-bath  until  the  mass  becomes  completely  dry, 
when  the  ignition  is  continued  over  an  ordinary  Bunsen 
burner,  until  vapors  no  longer  escape.  The  fluorides  of 
the  metals  are  decomposed  by  the  addition  of  concentrated 
sulphuric  acid,  the  excess  of  acid  being  evaporated,  and 
the  solution  of  the  residue  effected  by  means  of  liydro- 
chloric  acid. 

All  the  oxides,  which  may  be  present,  are  in  the  hydro- 
chloric acid  solution.  The  manner  of  separating  the  alka- 
lies is  given  elsewhere. 

^Decomposition  hy  means  of  Calcium  Carbonate  and 
Ammonium  Chloride  Mix  1  part  of  the  pulverized  sub- 
stance with  8  parts  of  precipitated  calcium  carbonate  and 
1  part  of  pulverized  ammonium  chloride,  place  in  a  pla- 
tinum crucible,  and  heat  to  full  redness,  but  not  too  in- 
tensely, for  30  to  40  minutes.  The  crucible,  with  its 
contents  (which  should  be  in  a  coherent,  sintered  but  not 
thoroughly  fused  condition),  is  placed  in  a  beaker,  covered 
with  water,  and  heated  to  near  the  boihng  point  for  half 
an  hour.  The  whole  is  then  brought  upon  a  filter.  The 
filtrate,  containing  the  alkalies,  calcium  chloride  and  caustic 
lime,  is  treated  with  a  little  ammonium  andAvith  ammonium 
carbonate,  in  slight  excess,  and  heated  to  boiling,  filtered 
and  the  filtrate  evaporated  to  dryness  and  gently  ignited, 
to  expel  the  ammoniacal  salts.  The  residue  is  dissolved 
in  a  little  water,  and  a  drop  of  ammonium  oxalate  added, 
the  mixture  is  heated,  filtered,  the  filtrate  evaporated  to 
dryness,  ignited,  and  the  residual  alkaline  chlorides  sepa- 
rated according  to  previous  directions — Dr.  J.  L.  Smit/i.^ 
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Felspar. 

Composition  rotassium-sodiuin-jiluiirmimi  silicalo, 

with  ferric  oxide,  calcium  oxide  and  maf^in^sia. 

For  the  determination  of  the  silicic  acid,  ahnnina,  ferric 
oxide,  calcimn  oxide,  and  ma<;nesia,  fuse  the  pnlverized 
mineral,  dried  at  100°  C,  with  four  to  five  times  its  weight 
of  potassium-sodium  carbonate,  following  the  instructions 
given  on  page  143  for  the  separation  of  the  silicic  acid. 

The  aluminum  oxide  in  the  filtrate  from  tlie  above  is 
separated  from  the  calcium  oxide  and  magnesia  by  double 
precipitation  with  ammonium  hydrate,  free  from  carbon 
dioxide.  (See  Natrolite,  p.  126.)  When  iron  is  present, 
this  can  be  estimated  volumetrically  after  the  ignited  pre- 
cipitate has  been  dissolved  in  hydrochloric  acid,  or  after 
the  fusion  with  potassium  hydrosulphate.  When  the  iron 
is  pi-esent  in  tolerably  large  quantity,  it  is  best  determined 
in  a  separate  portion  of  the  substance.  The  silicic  acid 
that  remains  after  dissolving  the  ignited  alumina  precipi- 
tate in  hydrochloric  acid  must  be  deducted  from  the  same 
and  added  to  the  already  known  amount  of  tliat  acid. 

In  the  filtrate  from  the  aluminum  the  calcium  oxide 
and  magnesia  are  thrown  down  by  ammonium  oxalate 
and  phosphorus  salt  (p.  32). 

Alkali  Determination. — In  the  decomposition  of  the 
mineral  with  hydrofluoric  acid  or  ammonium  fluoride,  pro- 
ceed as  previously  directed.  After  having  obtained  the 
hydrochloric  acid  solution,  precipitate  the  aluminum  with 
ammonium  hydrate,  and  in  the  filtrate  throw  down  the 
calcium  with  ammonium  oxalate,  removing  the  sulphuric 
acid  with  barium  chloride,  and  separate  the  magnesia  ac- 
cording to  the  metliod  described  on  page  45. 
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The  estim.ition  of  potassium  in  presence  of  sodium  is 
accomplished  with  platinic  chloride  (p.  49). 

[The  method  of  Dr.  J.  Lawrence  Smith  is  best  adapted 
for  the  decomposition  of  the  Felspar  where  the  alkalies 
are  to  be  estimated.] 


Glass. 

The  analysis  of  porcelain  or  kaolin  can  be  executed  in 
a  similar  manner.    (  See  also  the  analysis  of  Clay ,  p.  1 41 .) 

(7omj90s«>io?i.— Potassium,  sodium,  aluminum,  calcium, 
magnesium,  silicic  acid,  sulphuric  acid,  phosphoric  acid. 

In  colored  glasses  regard  must  be  had  to  the  coloring 
metallic  oxides  that  are  present.  If  the  glass  contains 
merely  potassium,  sodium,  aluminum,  ferric  oxide,  cal- 
cium, magnesium,  and  silicic  acid,  the  analysis  is  exactly 
analogous  to  that  of  Felspar. 

When  reducible  oxides  are  present,  viz.,  lead  and  tin 
oxides,  sodium  nitrate  should  be  added  to  the  mixture  of 
carbonates  used  to  effect  the  decomposition. 

Should  the  glass  under  examination  contain  lead  sdi- 
cate,  the  silicic  acid  must  be  repeatedly  boiled  with  water 
to  dissolve  the  chloride  of  this  metal,  which  may  after- 
wards be  xjrecipitated  as  sulphide  and  determined  (p. 
29). 

The  filtrate  from  the  lead  sulphide,  after  the  expulsion 
of  the  hydrogen  sulphide  and  oxidation  with  nitric  acid, 
is  employed  in  the  determination  of  the  remaining  oxides. 

It  is  necessary  when  tin  is  present  to  digest  the  weighed 
silicic  acid  with  ammonium  sulphide  and  separate  and  de- 
termine the  tin  sulphide  in  the  filtrate  as  directed  on  page 
55.  The  filtrate  from  the  silicic  acid  should  also  be  ex- 
amined for  tin  by  precipitating  it  with  hydrogen  sulphide, 
and  when  lead  is  present  the  precipitate  produced  by  hy- 
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drogen  sulphide  is  digested  with  ummoniiim  siil])l>ide— 
determining  the  insoluble  lead  sulphide  as  sucii  and  su- 
persaturating the  filtrate  with  dilute  sulphuric  or  hydro- 
chloric acid  (p.  55). 

Instead  of  precipitating  the  aluminum  with  ammonium 
hydrate  when  manganese  is  ])reseut,  neutralize  the  solu- 
tion witli  sodium  carbonate  and  precipitate  it  with  sodium 
acetate,  pre[)aring  thus  for  the  subsequent  precipitation  of 
the  manganese  by  bromine  or  chlorine  (p.  137). 

When  cobalt  is  present  with  manganese,  it  will  also  be 
precipitated  as  sesquioxide  by  chlorine  or  bromine. 

This  being  the  condition  of  affiiirs,  it  would  be  better 
to  throw  down  both  metals,  in  the  filtrate  from  the  alumi- 
num, as  sulphides  by  means  of  ammonium  sulphide,  dis- 
solving them  in  hydrochloric  acid,  with  the  addition  of 
nitric  acid,  and  precipitate  the  cobalt  as  nitrite  of  sesqui- 
oxide of  cobalt  and  potassium  (p.  22).  Throw  down  the 
manganese  in  the  filtrate  as  carbonate  (p.  21). 

The  aluminum  is  also  thrown  down  by  sodium  acetate 
when  zinc  oxide  is  present,  and  the  latter  removed  from 
the  filtrate  by  the  addition  of  hydrogen  sulphide  (p.  109). 

The  sulphuric  acid  may  be  precipitated  in  the  filtrate 
from  the  silicic  acid  by  adding  barium  chloride,  and  the 
excess  of  the  latter  removed  with  sulphuric  acid. 

In  the  analysis  of  glass  containing  phosphoric  acid, 
after  the  separation  of  the  silicic  acid  the  former  acid  is 
precipitated  with  metallic  tin,  and  the  oxides  determined 
as  heretofore  in  the  filtrate. 

Pistaeite. 

Composition. — Silicate  of  alumnia,  ferric  oxide  and  cal- 
cium oxide,  together  with  ferrous  oxide  (manganous  ox- 
ide), magnesia,  potassium,  sodium  and  water, 
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In  determining  the  silicic  acid  and  oxides,  the  alkalies 
excepted,  the  finely  pulverized  and  dried  mineral  is  fused 
■with  potassium  and  sodium  carbonates,  and  the  silicic  acid 
determined  as  directed  on  page  143. 

The  filtrate  from  the  silicic  acid  is  heated  with  nitric 
acid  and  potassium  chlorate  to  oxidize  the  ferrous  oxide 
to  the  corresponding  higher  oxide,  and  this  and  the  alu- 
minum then  separated  from  the  manganese  and  alkaline 
earths,  after  neutralization  with  sodium  carbonate,  by- 
boiling  with  sodium  acetate  (p.  73). 

The  manganese  is  then  thrown  doAA'n  in  the  filtrate 
with  bromine  or  chlorine  (p.  137).  The  calcium  oxide 
and  magnesia  are  determined  in  the  filtrate  in  the  usual 
manner. 

Ferric  and  ferrous  oxides  may  be  estimated  very  well 
volumetrically  (p.  75  and  p.  80)  in  the  solution  of  a  sepa- 
rate portion  of  the  substance,  decomposed  by  heating  it 
with  sulphuric  acid  in  a  sealed  tube  (p.  91). 

The  entire  quantity  of  iron,  calculated  as  ferric  oxide, 
is  deducted  from  the  weighed  alumina-iron  precipitate. 

Cook,  to  prevent  the  oxidation  of  the  ferrous  oxide,, 
conducts  the  decomposition  of  the  mineral  in  an  atmosphere 
of  carbon  dioxide  and  steam.  For  this  is  used  a  water- 
batli  with  a  constant  niveau  (Fig.  14  and  15),  at  the  upper 
end  of  which  is  attached  the  tube  a,  which  is  connected 
with  a  Kipp  carbon  dioxide  generator. 

That  the  glass  funnel  d  may  be  supported,  the  edge  of 
the  cover  of  the  water-bath  is  provided  with  a  deep  chan- 
nel. The  cover  ring  bearing  the  platinum  crucible  con- 
tains a  number  of  small  perforations,  through  which,  upon 
boiling,  the  water  almost  filling  the  w^ater-bath  rushes, 
causing  the  cliannel  to  be  constantly  filled  with  .water, 
thus  obstructing  the  entrance  of  air  between  the  channel 
and  the  funnel  edge. 
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First,  ascertain  by  preliminary  examination  the  least 
quantity  of  hydrofluoric  acid,  to  whicli  must  be  added 
sulphuric  acid  of  1.5  sp.  gr.,  in  order  that  the  mineral 
may  be  decomposed;  then  place  the  pulverized  substance 
(about  0.5  grm.)  in  a  platinum  crucible,  pouring  the  mix- 
ture of  sulphuric  and  hych-ofiuoric  acid  upon  it,  and  stirring 


Fig.  14. 


Fi«'.  15. 


during  the  operation  with  a  platinum  spatula.  Place  the 
platinum  vessel  upon  the  perforated  ring  of  the  water-bath, 
put  the  funnel  into  position  and  fill  the  channel  with  water, 
at  the  same  time  dislodging  the  air  in  the  funnel  with  a 
stream  of  carbon  dioxide.  AVhen  the  decomposition  is 
finished,  the  heating  upon  the  water  bath  is  interrupted, 
carbon  dioxide  conducted  again  into  the  funnel,  and  at 
the  same  time  a  continuous  stream  of  cold  water  allowed 
to  flow  through  the  water-bath,  which  will  hasten  the 
cooling  of  the  platinum  crucible. 

It  m'ay  happen  at  times  that  the  contents  of  the  crucible 
will  sinter  tightly  together,  thus  obstructing  the  further 
action  of  the  acid.  When  this  occurs,  remove  the  lamp 
under  the  water-bath,  fill  the  funnel  with  carbon  dioxide, 
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and  stii'  the  crucible  contents  with  a  strong  platinum  wire 
passed  through  the  funnel  tube.  After  washing  the  par- 
ticles that  may  have  adhered  to  the  wire  back  into  the 
crucible,  discontinue  the  carbon  dioxide  stream,  and  renew 
the  application  of  heat  from  the  water-bath. 

Before  determining  the  ferrous  oxide  with  permanga- 
nate solution,  be  certain  the  hydrofluoric  acid  used  does  not 
contain  any  substances  which  have  a  decomposing  effect 
upon  the  permanganate.  The  acid  should  have  previously 
been  purified. 

The  alkalies  in  pistacite  are  determined  as  in  Felspar 
(p.  147). 

The  water  is  determined  directly  most  accurately  (p. 
36). 

Blast-furnace  Slag,  Cupola-furnace  Slags,  etc. 

Composition  Ferrous  and  fen-ic  oxides  (sometimes 

metallic  iron),  manganous  oxide,  alumina,  copper,  lead, 
zinc,  calcium  oxide,  magnesia  (alkalies),  silicic  acid, 
titanic  acid,  sulphuric  acid,  phosphoric  acid  and  sulphur 
(as  calcium  sulphide). 

The  slag  finely  divided  and  dried,  when  not  soluble  in 
hydrochloric  acid,  is  decomposed  by  fusion  with  the  car- 
bonates of  potassium  and  sodium,  the  silicic  acid  being 
removed  as  in  Natrolite.  When  titanic  acid  is  present  an 
excess  of  hydrochloric  acid  is  taken  to  dissolve  the  resi- 
due, and  the  silica  is  examined  according  to  page  125. 

In  the  filtrate  from  the  silica,  after  the  previous  reduc- 
tion of  the  ferric  oxide  by  means  of  sulphurous  acid  (p. 
87),  precipitate  the  lead  and  copper  as  sulphides,  if  pre- 
sent, and  dissolve  the  latter  in  nitric  acid,  and  effect  the 
separation  of  the  metals  by  the  addition  of  sulphuric  acid. 
(See  Brass,  p.  49.)  If,  however,  but  one  of  these  two 
metals  exists  in  the  solution,  the  precipitate  produced  bj 
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hydrogon  sulphide  may  be  determintHl  by  ignition  in  u 
stream  of  hydrogen. 

The  Hltrate,  free  from  hydrogen  sulidiide,  is  warmed 
with  nitric  acid  or  potassinm  chlorate  to  change  the  fer- 
rous to  ferric  oxide,  and  the  latter  precipitated,  together 
with  the  aluminum,  by  means  of  sodium  acetate  (p.  73). 
The  precipitate  should  be  examined  for  silicic  as  well  as 
titanic  acid  (p.  82  and  p.  125). 

After  adding  acetic  acid  to  the  filtrate,  precipitate  the 
zinc  with  hydrogen  sulphide.  After  the  expulsion  of  tlie 
latter,  the  manganese  may  be  separated  with  chlorine  or 

bromine  (p.  137). 

The  calcium  oxide  and  magnesia  are  determined  in  the 

filtrate  in  the  usual  manner. 

Ferrous  oxide  in  presence  of  ferric  is  estimated  accord- 
ing to  one  of  the  methods  described  in  the  analysis  of 
Pistacite  (p.  149),  or  Magnetic  Iron  (p.  86). 

The  metallic  iron  found  in  the  slag  is  determined  ac- 
cording to  page  138. 

When  the  alkalies  are  determined,  take  a  second  por- 
tion of  the  slag  and  decompose  it  with  ammonium  fluoride, 
precipitating  the  hydrochloric  acid  solution  with  hydrogen 
sulphide,  and  proceed  in  general  as  directed  when  analyz- 
ing Copper  and  Lead  Slags  (p.  139). 

When  calcium  sulphide  occurs  in  the  slag,  the  sulphur 
is  estimated  by  the  oxidation  of  the  hydrogen  sulphide 
with  a  hydrochloric  acid  sohition  of  bromine  (p.  134). 

The  sulphuric  and  phosphoric  acids  are  estimated  as  in 
Hematite  (p.  79). 


Turmalin. 


Composition  Ferrous  and  ferric  oxides,  manganese 

oxide,  aluminium  oxide,  calcium  oxide,  magnesia,  potas- 
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sium,  sodium,  lithium,  silicic  acid,  boracic  acid,  hydro- 
fluoric acid  (phosphoric  acid)  and  water. 

Determination  of  the  Silicic  Acid  and  Boracic  Acid  

Fuse  the  finely  pulverized  mineral,  previously  dried  at 
100°  C,  with  four  times  its  weight  of  potassium  carbonate. 
The  fused  residue  is  heated  with  water,  and,  after  filterino- 
off  the  insoluble  portion,  subject  it  to  a  thorough  washing 
with  hot  water.  Boracic  acid,  a  portion  of  the  silicic  acid 
and  aluminum  will  be  found  in  the  filtrate.  The  latter  are 
precipitated  with  ammonium  carbonate  and  ammonium 
zinc  oxide.  (See  p.  116.)  The  boracic  acid  is  removed  as 
boro-potassium  fluoride  by  supersaturating  the  liquid,  en- 
tirely free  of  silicic  acid  and  aluminum,  with  hydrofluoric 
acid.  (See  the  Determination  of  Boracic  Acid  in  Boro- 
natrocalcite,  p.  121.) 

The  insoluble  residue  remaining  after  fusion  with  potas- 
sium carbonate,  and  the  precipitate  produced  by  ammo- 
nium carbonate  and  ammon-zinc  oxide,  are  both  decom- 
posed by  hydrochloric  acid,  and  the  silicic  acid  taken  out 
as  in  Natrolite  (p.  126). 

The  estimation  of  the  oxides  is  most  satisfactorily  prose- 
cuted by  decomposing  a  sepai'ate  portion  of  the  mineral 
with  a  mixture  of  hydrofluoric  and  sulplmric  acids.  The 
analysis  is  similar  to  that  of  Pistacite  (p.  149).  For  tlie 
separation  of  potassium,  sodium  and  lithium,  the  method 
described  in  the  analysis  of  Psilomelane  is  the  most  satis- 
factory (p.  103). 

When  the  turmalin  contains  phosphoric  acid,  this  is 
generally  found  with  the  iron  and  aluminum  precipitate. 
It  is  advisable  to  determine  this  in  a  separate  portion 
(p.  83),  or  in  the  weighed  precipitate  (see  analysis  of  Min- 
eral Water),  and  deduct  it  from  the  aluminum  and  iron. 

The  fluorine  is  most  commonly  estimated  by  difierence. 
A  direct  method  for  its  estimation  is  given  on  page  115.  The 
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precipitate  finally  produced  upon  the  addition  of  calcium 
chloride  is,  when  boracic  acid  is  present,  calcium  lluoride, 
calcium  carbonate  and  boi-ate.  AVhen  treated  with  acetic 
acid  the  latter  goes  into  solution  with  the  calcium  car- 
bonate. 

The  water  present  may  be  ascertained  according  to  page 
36.  A  porcelain  tube  may  advantageously  replace  one  of 
glass. 

Zircon. 

Composition  Zirconium  oxide,  ferric  oxide,  calcium 

oxide  and  silicic  acid. 

The  decomposition  of  the  mineral,  either  by  means  of 
acids  or  fusion  with  alkaline  carbonates,  is  attended  with 
ditRculty,  and  is  only  successful  when  potassium  fluoride 
in  hydrofluoric  acid  is  employed  for  the  purpose.  The 
process  is  analogous  to  that  followed  in  the  analysis  of 
Chromite  (p.  88).  After  the  fusion,  hydrochloric  acid  is 
added  to  the  mass,  and  the  solution,  which  is  then  evapor- 
ated, is  treated  with  ammonium  hydrate,  causing  the  pre- 
cipitation of  the  zirconium,  which,  after  being  washed,  is 
ignited  and  weighed  as  ZrO^.  The  same  precautions 
should  be  observed  here  which  have  been  previously  en- 
joined in  the  determination  of  aluminum  (p.  37).  When 
the  zircon  contains  iron,  the  latter  will  be  precipitated 
together  with  the  zirconium.  Tiiis  may  be  prevented  if 
sufficient  tartaric  acid  is  previously  added  to  the  solution, 
so  tliat  neither  iron  nor  zirconium  will  be  thrown  down 
upon  the  addition  of  the  ammonium  hydrate.  The  iron 
can  then  be  precipitated  with  ammonium  sulphide  and  the 
iron  sulphide  as  given  on  page  90,  filtered  and  finally  con- 
verted into  ferric  oxide. 

The  filtrate  is  evaporated  to  dryness  in  a  platinum  dish, 
and  the  residue  ignited  to  destroy  the  tartaric  acid.  The 
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combustion  of  the  carbon  may  be  hastened  by  moistening 
the  residue  with  a  saturated  solution  of  ammonium  sul- 
phate, and  then  applying  a  gentle  heat.  Tlie  final  traces 
of  carbon  may  be  easily  perfectly  oxidized,  if,  finally,  the 
operation  be  repeated  with  small  quantities  of  ammonium 
nitrate.  If,  excepting  the  alkalies  introduced  by  the  de- 
composition of  the  mineral,  no  other  oxides  (calcium,  etc.) 
are  present,  boil  the  residue  repeatedly  with  water,  and 
determine  the  residual  zirconium  oxide.  When  the  con- 
trary is  the  case,  the  residue  must  be  heated  with  ammo- 
nium fluoride,  and  the  hydrochloric  acid  solution  precipi- 
tated with  ammonium  hydi-ate  as  above.  The  calcium  is 
then  removed  from  the  filtrate  as  calcium  oxalate. 

To  obtain  the  silicic  acid,  decompose  a  second  portion 
with  the  alkaline  carbonates,  add  hydrochloric  acid  to  the 
fused  mass,  and  do  as  directed  on  page  143. 


Pyrites. 

Composition  Sulphur  and  iron ;  traces  of  arsenic,  anti- 
mony, gold,  copper,  nickel  (cobalt,  manganese),  calcium 
oxide,  magnesium  oxide  and  quartz. 

In  most  instances  in  the  analysis  of  pyrites  the  deter- 
mination of  the  sulphur  is  all  that  is  required.  Its  con- 
version into  sulphuric  acid  is  best  effected  by  fuming 
nitric  acid  (p.  Ill),  or  potassium  chlorate  and  nitric  acid 
(p.  133). 

A  very  suitable  oxidizing  agent  for  pyrites  is  a  solution 
of  bromine  in  concentrated  hydrochloric  acid,  which  with 
the  application  of  heat  will,  in  a  short  time,  convert  the  sul- 
phur into  sulphuric  acid.  The  bromine  solution  is  at  first 
allowed  to  act  in  tlie  cold,  and,  subsequently,  warmed 
gently,  not  allowing  the  temperature,  however,  to  rise  to 
the  fusing  point  of  the  separated  sulphur,  which,  if  once 
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fused  to  a  globule,  will  demaiul  a  large  expenditure  of 
time  to  change  it  to  sulphuric  acid.  When  the  oxidation 
is  complete,  the  solution  is  evaporated  to  remove  bromine, 
hydrochloric  and  silicic  acid.  The  sulphuric  acid  is  deter- 
mined as  barium  sulphate  in  the  filtrate  (p.  15). 

Very  often  it  is  preferred  to  oxidize  the  pyi'ites  by  fusion 
with  some  substance  yielding  oxygen,  and  for  this  purpose 
a  mixture  of  sodium  and  potassium  nitrates  is  most  com- 
monly taken.  The  results  obtained,  when  this  method  is 
followed,  are  not  very  accurate,  because  the  barium  sul- 
phate produced  is  impurified  by  the  corresponding  nitrate, 
which  salt  is  very  difficultly  removed,  either  by  washing 
with  hot  water  or  subsequent  digestion  with  dilute  hydro- 
chloric acid.  Very  satisfactory  results  are  obtained  when 
potassium  chlorate  is  substituted  for  the  nitrate.* 

The  finely  divided  substance  is  mixed  in  a  platinum 
crucible  with  a  mixture  of  six  parts  sodium  carbonate  and 
one  part  potassium  chlorate,  then  fused  over  an  ordinary 
Bunsen  burner  until  gas  bubbles  no  longer  escape.  Treat 
the  fused  mass  with  water,  filter  off  the  residue,  and  wash 
it  with  water  containing  sodium  carbonate,  until  the  wash- 
ings acidulated  with  hydrochloric  acid  yield  no  precipitate 
Avith  barium  chloride.  Hydrochloric  acid  is  gradually 
added  to  the  filtrate  to  distinct  acid  reaction,  the  carbon 
dioxide  expelled  by  boiling,  and  precipitation  caused  by 
barium  chloride. 

When  any  potassium  chlorate  remains  undecomposed  in 
the  fused  mass,  the  hydrochloric  acid  solution  must  be 
warmed  until  the  liquid  ceases  to  impart  the  odor  of  chlo- 
rine gas,  which  is  most  perfectly  accomplished  by  a  par- 
tial evaporation  of  the  solution. 

*  The  fusion  with  sod.  carb.  and  potassium  chlorate  is  pre- 
ferable also  to  the  oxidation  with  nitric  acid,  because  in  the  latter 
case  the  barium  sulphate  is  likely  to  contain  iron.    (See  p.  84.) 
14 


158 


PYRITES. 


Arsenic  and  Antimony  Determination — The  estimation 
of  these  substances  may  very  easily  be  combined  with  that 
of  the  sulphur.  The  aqueous  solution  of  the  fused  mass 
obtained  by  sodium  carbonate  and  potassium  chlorate  is 
reduced  to  a  definite  volume,  determining  in  the  one 
measured  portion  the  sulphuric  acid,  as  before  directed, 
•whilst  the  remainder  is  employed  for  the  estimation  of  the 
arsenic  and  antimony.  For  this  purpose  acidify  the  alka- 
line liquid  with  hydrochloric  acid,  and  precipitate  both 
metals  as  sulphides,  which  may  be  separated  according  to 
page  164. 

Gold  Determination,  —  The  residue  remaining  after 
fusing  the  pyrites  with  sodium  carbonate  and  potassium 
chlorate,  and  treating  with  water,  is  taken  for  the  estima- 
tion of  the  gold.  As  the  quantity  of  the  latter  is  extremely 
small,  a  large  amount  of  substance  must  be  used,  and  the 
decomposition  executed  in  a  Hessian  crucible.    The  resi- 
due, insoluble  in  water,  consisting  principaUy  of  ferric 
oxide,  is  ignited  in  a  stream  of  hydrogen  gas,  and  the  re- 
duced iron  (nickel,  cobalt,  etc.)  dissolved  in  nitric  acid. 
The  residue  that  remains  is  dissolved  in  aqua  regia,  the 
silica  filtered  off,  and  the  liquid  evaporated  to  dryness  on 
a  water-bath.    A  few  drops  of  dilute  sulphuric  acid  are 
added  to  the  aqueous  solution  of  the  residue,  and  the  liquid 
heated  some  time  with  a  concentrated  ferrous  sulphate 
solution.    The  metallic  gold  that  separates  out  is  washed 
then  ignited  in  a  porcelain  crucible  and  weighed. 

Determination  of  Iron,  Copper,  Manganese,  Cobalt, 
Nickel,  and  the  Alkaline  Harths.— These  substances  are 
determined  either  in  the  solutions  of  the  mineral  in  aqua 
regia,  or  in  nitric  acid  and  potassium  chlorate,  or,  better, 
in  the  insoluble  residue  remaining  after  treating  the  fused 
mass  obtained  by  fusion  with  soda  and  potassium  chlorate 
(estimation  of  sulphur,  antimony  and  arsenic)  with  water. 


MISPICKEL. 


159 


When  the  pyrites  has  been  decomposed  with  aqua  regia 
or  nitric  acid,  the  latter  is  removed  by  repeated  evapora- 
tion with  hydrocldoric  acid,  tlie  residue  is  dissolved  in  the 
same  acid,  diluted,  and  the  liquid  freed  from  silicic  acid 
by  filtration  is  reduced  with  sulphurous  acid  (p.  87).  After 
tlie  complete  reduction  of  ferric  to  ferrous  oxide,  hydrogen 
sulphide  is  conducted  into  the  liquid,  and  the  filtered  sul- 
phides digested'  with  a  solution  of  sodium  sulphide.  The 
insoluble  copper  sulphide  is  washed  with  water  containing 
hydrogen  sulphide,  then  ignited  in  a  current  of  hydrogen 
and  weighed  (p.  48). 

Finally,  after  the  expulsion  of  the  hydrogen  sulphide 
from  the  filtrate  and  the  oxidation  of  ferrous  to  ferric 
oxide  with  nitric  acid  aided  by  heat,  separate  the  iron, 
manganese,  cobalt  and  nickel  according  to  page  104. 

As  the  ferric  oxide  may  contain  some  silicic  acid  and 
also  the  alumina  that  is  present,  the  precipitate  should  be 
again  dissolved  in  dilute  sulphuric  acid  and  the  iron  de- 
termined by  titration,  either  with  stannous  chloride  (p. 
80)  or  permanganate  solution  (p.  75). 

After  the  destruction  of  the  ammonium  sulphide  by  hy- 
drochloric or  sulphuric  acid  (p.  105),  the  calcium  and 
magnesium  are  precipitated  in  the  usual  manner  with  am- 
monium oxalate  and  sodium-ammonium  phosphate. 

When  that  portion  of  the  fused  mass  insoluble  in  water 
is  used  in  the  determination  of  the  oxides,  it  is  dissolved 
in  hydrochloric  acid,  and,  after  separating  the  silica  as 
usually  done,  separate  in  the  filtrate  the  oxides  as  above 
described. 

Mispickel. 

Composition  Iron,  arsenic  (antimony)  and  sulphur. 

The  mineral  may  be  either  decomposed  with  aqua  regia 
or  with  potassium  chlorate  (p.  133).    In  both  instances 
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the  nitric  acid  is  expelled  by  repeated  evaporation  to  dry- 
H<3ss  with  addition  of  hydrochloric  acid,  and,  after  bringing 
the  latter  solution  to  a  definite  volume,  the  sulphuric  acid 
is  precipitated  in  a  measured  portion,  or  the  entire  solution 
is  treated  with  barium  chloride,  the  excess  of  the  latter  in 
the  filtrate  being  removed  by  dilute  sulphuric  acid. 

For  the  separation  of  the  arsenic  (antimony)  from 
the  iron,  precipitate  the  first  as  sulphides.  As,  however, 
the  arsenic  acid  is  so  extremely  slowly  precipitated  by 
hydrogen  sulphide  gas,  it  is  more  practical,  to  previously 
convert  it  into  arsenious  acid,  which  is  easily  thrown  down 
as  sulphide.  Either  sulphurous  acid  or  the  solution  of  a 
sulphite  (see  potassium  or  sodium  hydrosulphite,  p.  87) 
will  serve  as  a  reducing  agent.  Hydrogen  sulphide  is 
now  conducted  into  the  liquid  until  its  odor  is  strongly 
predominant,  and  the  arsenic  (antimony)  tersulphide  fil- 
tered off. 

When  the  mineral  does  not  contain  antimony,  the  pre- 
cipitate may  be  dissolved  in  hydrochloric  acid  with  the 
aid  of  potassium  chlorate,  and  the  arsenic  acid  then  pre- 
cipitated from  an  ammoniacal  solution  as  ammonium-mag- 
nesium arseniate  (p.  69). 

When  antimony  is  present  the  hydrochloric  acid  solu- 
tion is  treated  according  to  page  165. 

The  filtrate  from  the  arsenic  sulphide,  after  the  expul- 
sion of  the  hydrogen  sulphide,  is  oxidized  with  nitric  acid 
or  potassium  chlorate  and  the  ferric  oxide  precipitated  by 
ammonium  hydrate  (p.  24). 

Chalcopyrite. 

Composition.— Co\yT^QV,  iron,  sulphur  and  quartz. 
All  the  constituents  may  be  determined  in  the  same 
solution  if  the  method  described  (p.  133)  be  carefully  fol- 
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lowed  (oxidation  of  the  sulphur  compounds  with  potas- 
sium chlorate  and  nitric  acid).  Tlie  filtrate  from  the 
residual  quartz  is  repeatedly  evaporated  with  hydrochloric 
acid  to  expel  the  nitric  acid,  and  the  sulphuric  acid  then 
precipated  by  barium  chloride.  The  excess  of  the  latter 
is  gotten  out  with  dilute  sulphuric  acid. 

The  copper  in  the  liquid  filtered  from  the  barium  sul- 
phate is  determined  as  sulphide  (p.  48),  and  the  iron,  ai'ter 
the  removal  of  the  hydrogen  sulphide  and  oxidation  of  the 
liquid  with  nitric  acid,  is  precipitated  by  ammonium  hy- 
drate as  ferric  hydrated  oxide. 

In  most  analyses  of  chalcopyrite,  the  estimation  of  the 
copper  is  the  most  important  subject.  It  may  be  deter- 
mined as  cuprous  sulphide  or  as  metallic  copper.  To 
estimate  it  in  the  latter  form,  be  sure  to  drive  out  the  last 
traces  of  nitric  acid  if  it  has  been  employed  in  the  decom- 
position of  the  mineral.  This  may  be  accomplished  by 
heating  the  filtrate  from  the  quartz  to  boiling,  and  gradu- 
ally adding  to  it  a  concentrated  solution  of  ferrous  sulphate 
acidified  with  sulphuric  acid,  until  the  liquid  becomes 
dark-brown  in  color  and  the  liberation  of  gas  is  no  longer 
visible.  When  all  the  nitric  acid  is  reduced,  undecom- 
posed  ferrous  salt  should  still  be  present  in  the  liquid. 
This  is  readily  ascertained  by  adding  potassium  ferri- 
cyanide  to  a  drop  of  tbe  liquid. 

Cadmium  or  zinc  will  cause  the  separation  of  copper  in 
a  metallic  form.* 

Of  the  volumetric  methods  for  the  determination  of 
copper,  only  the  two  in  most  frequent  use  will  be  described. 

*  For  the  electrolytic  separation  of  copper  as  a  method  for 
determination  in  ores,  see  Fresenius,  Journ.  f.  Analytische 
Chemie,  Jahrg.  8,  p.  23,  and  Jahrg.  xi.  p.  1. 
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Copper  Determined  with  Sodium  Hyposulphite. — 
When  the  solution  of  a  cupric  salt  is  mixed  with  a  potas- 
sium iodide  solution,  cuprous  iodide  is  precipitated,  and  a 
quantity  of  iodine,  equaling  that  contained  in  cuprous 
iodide,  separates : — 

2CuS0,  +  4KI  =  CuJ,  +  2K.,S0,  +  \. 
The  separated  iodine  is  determined  with  a  sodium  hy- 
posulphite solution  (p.  96),  and  one  atom  of  iodine  cor- 
responds to  one  atom  of  copper. 

In  the  estimation  of  copper  according  to  this  method, 
the  copper  sulphide,  as  above  obtained,  is  dissolved  in 
nitric  acid,  and  this  then  fully  expelled  by  evaporation 
with  addition  of  dilute  sulphuric  acid. 

The  aqueous  solution  of  the  residue  is  mixed  with  an 
excess  of  potassium  iodide  and  starch  solution,  and  sodium 
hyposulphite  added  from  a  burette,  until  the  blue  color  of 
the  starch  iodide  first  disappears. 

When,  in  estimating  copper  in  ores,  absolute  accuracy 
is  not  required,  the  nitric  acid  solution  may  be  saturated 
with  ammonium  hydrate,  the  iron  oxide  filtered  off,  and 
the  solution  after  acidulation  with  hydrochloric  acid  treated 

as  first  directed. 

The  precipitated  ferric  oxide,  however,  invariably  con- 
tains some  cupric  oxide.  To  dissolve  as  much  as  possible 
of  this,  the  filtered  and  imperfectly  washed  precipitate  is 
again  dissolved  in  hydrochloric  acid  and  the  precipitation 
with  ammonium  hydrate  repeated. 

Copper  Determined  with  Potassium  Cyanide — By  su- 
persaturating the  solution  of  a  copper  salt,  e.  g.,  copper 
nitrate,  with  ammonium  hydrate,  a  deep-blue  colored 
liquid  of  cupric  ammonium  nitrate  [Cu(N03)24NH3]  is 
produced.  Upon  the  addition  of  a  potassium  cyanide 
solution  to  this  liquid,  the  blue  coloration  immediately 
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disappears,  as  the  cupric  ammonium  nitrate  is  altered  to 
colorless  potassium  copper  cyanide  : — 
Cu(NO,),4NIl3+  4KCN  =  [Cu(CN),2KCN]  +  2KNO3 

+  4NII3. 

The  end  of  the  reaction,  therefore,  will  be  indicated  by 
a  perfect  disappearance  of  the  blue  color  of  the  solution. 

The  value  of  the  potassium  cyanide  solution  employed 
is  fixed  with  an  ammoniacal  copper  solution  of  known 
strength.  This  solution  is  prepared  by  dissolving  10 
grmsrof  copper  in  nitric  acid  and  diluting  the  liquid  satu- 
rated with  ammonium  to  1  litre. 

This  method,  however,  affords  unreliable  results,  even 
if  in  the  standardization  of  the  solution,  and  in  the  actual 
titration,  similar  conditions  are  always  observed.    It  has 
recently  been  recommended  for  the  determination  of  cop- 
per in  ores  poor  in  the  metal  (especially  for  the  estima- 
tion of  copper  in  Mansfield  slate)  ;  and,  in  addition,  Stein- 
beck suggests  the  following  process  :  Pour  over  five  grms. 
of  the  pulverized  slate  40-50  C.  C.  commercial  hydro- 
chloric acid  of  1.16  sp.  gr.,  adding  to  this  6  C.C.  dilute 
nitric  acid  (equal  vols,  water  and  nitric  acid  of  1.2  sp. 
gr.),  and  heat  upon  a  water-bath  for  half  an  hour,  finally 
bringing  the  liquid  to  boiling,  which  should  be  continued 
ten  to  fifteen  minutes.    By  this  means  all  the  metals  con- 
tained in  the  ore  are  dissolved  (Cu,  Pb,  Zn,  Fe,  Mn,  Co). 
The  insoluble  portion  is  filtered  off,  and  the  copper  thrown 
down  from  the  filtrate  with  zinc. 

The  final  reduction  of  the  copper  solution  may  be  re- 
cognized by  mixing  a  drop  of  the  liquid  with  ammonium 
hydrate  (p.  58);  the  supernatant  liquid  is  then  poured 
off,  the  residual  copper  washed  (p.  58),  and  dissolved  in 
8  C.  C.  nitric  acid  of  the  above-mentioned  concentration. 
To  the  cooled  liquid  are  added  10  C.  C.  of  ammonium 
hydrate  (prepared  by  mixing  2  vols,  water  and  1  vol. 


1G4 


NICKEL  MATTE. 


ammonium  of  sp.  gr.  0.93),  and  then  titrated  with  potas- 
sium cyanide. 

The  value  of  the  potassium  cyanide  solution  is  fixed 
with  a  copper  solution  of  like  concentration  as  the  one 
about  to  be  determined.  Here,  also,  equal  quantities  of 
nitric  acid  and  ammonium  are  to  be  used. 

Möhr  advises  that  the  ore  be  dissolved  in  nitric  acid  and 
sulphuric  acid,  or  hydi-ochloric,  nitric,  and  excess  of  sul- 
pliuric  acid,  and  that  the  solution  then  be  evaporated  to 
dryness.  The  filtered  liquid  is  free  from  hydrochloric 
and  nitric  acid  and  lead,  and  upon  the  direct  addition 
of  zinc  the  copper  may  be  obtained  pure  (free  from 
lead).  It  is  better  then  to  immediately  weigh  the  cop- 
per than  to  redissolve  and  determine  it  volu metrically. 

Nickel  Matte, 

Copper  Matte. 

Composition. — Nickel,  cobalt,  zinc,  iron,  copper,  lead, 
arsenic,  antimony,  sulphur,  and  gangue. 

Digest  the  finely  pulverized  substance  with  aqua  regia 
until  pure  gangue  remains,  and  expel  the  nitric  acid  by  re- 
peated evaporation  with  hydrochloric  acid.  If  the  gangue 
does  not  become  white  upon  evaporating  the  residue 
with  dilute  hydrochloric  acid,  it  should  be  fused  with 
potassium  hydrosulphate  and  the  hydi-ochloric  acid  solu- 
tion of  the  residue  added  to  the  other. 

After  the  reduction  of  the  arsenic  acid  with  sulphurous 
acid  or  potassium  hyposulphite,  saturate  the  liquid  with 
hydrogen  sulphide  gas,  and  filter  off  the  sulphides  thus 
obtained.    By  digesting  these  with  sodium  sulphide,* 

*  As  copper  sulphide  is  somewhat  soluble  in  ammonium  sul- 
pliide,  the  latter  cannot,  therefore,  be  used  for  the  separation 
of  antimony  and  arsenic. 
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arsenic  and  nntimony  are  dissolved,*  and  are  reprecipi- 
tated  as  snlpliides  npon  the  addition  of  dilute  liydro- 
cldoric  or  sulphuric  acid  to  the  filtered  liquid.  (See  p.  52.) 

The  sulphides  are  separated  by  dissolving  them  in  aqua 
regia,  and  adding  so  much  tartaric  acid  to  the  solution 
that  the  subsequent  addition  of  ammonium  hydrate  will 
cause  no  precipitation.  When  the  added  tartaric  acid 
■was  insuflicient  the  ammonium  hydrate  will  produce  a 
precipitate,  which,  after  the  removal  of  the  supei-natant 
liquid,  may  be  dissolved  in  an  excess  of  the  acid.  From 
this  solution  magnesium  chloride  will  only  precipitate 
arsenic  acid  as  ammonium-magnesium  arseniate,  which  is 
detei-mined  as  directed  on  page  69. 

After  acidulating  the  filtrate  with  hydrochloric  acid 
the  antimony  is  precipitated  as  antimony  tersulphide,  and 
determined  either  as  such  or  converted  into  antimoniate 
of  antimony  (p.  53). 

The  insoluble  copper  and  lead  sulphides,  after  perfect 
washing  with  water  containing  hydrogen  sulphide,  are 
dissolved  in  nitric  acid,  with  addition  of  hydrochloric  acid, 
and  the  liquid  evaporated  with  dilute  sulphuric  acid 
(p.  49).  In  the  filtrate  from  the  lead  sulphate,  after  ex- 
pelling the  alcohol,  determine  the  copper  as  oxide  (p.  14), 
or  as  metallic  copper  (p.  58),  or  volumetrically  (p.  162). 

The  filtrate  from  the  hydrogen  sulphide  precipitate  is 
boiled  to  expel  the  excess  of  the  precipitant,  and  nitric 
acid  then  added  to  oxidize  the  iron,  which  is  thrown  down 
upon  the  addition  of  ammonium  hydrate.  As  the  ferric 
oxide  contains  weighable  quantities  of  zinc,  cobalt,  and 
nickel,  the  imperfectly  washed  precipitate  is  dissolved  in 
hydrochloric  acid,  the  solution  neuti-alized  with  ammo- 

*  When  antimony  and  arsenic  are  present  in  rather  large 
quantities,  the  sulphides  digested  with  sodium  sulphide  and  in- 
soluble, are  fused  -with  soda  and  sulphur  (p.  54). 
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nium  hydrate  and  carbonate  (p.  72),  and  the  iron  pre- 
cipitated by  boiling.  The  ferric  oxide  thus  obtained  should 
be  examined  for  cobalt  and  nickel,  and  the  precipitation 
finally  repeated. 

In  separating  zinc  from  nickel,  proceed  as  directed  on 
page  62.  When  the  zinc  sulphide  is  not  perfectly  white, 
the  separation  should  be  repeated. 

Cobalt  and  nickel  are  precipitated  in  the  filtrate  by  the 
addition  of  ammonium  hydrate  and  sulphide.  This  is 
best  executed  in  a  flask  that  may  be  readily  closed.  An 
excess  of  ammonium  sulphide  should  be  avoided,  as  nickel 
sulphide  is  somewhat  soluble  in  it.  In  case  the  filtrate  is 
colored  brown,  due  to  the  nickel  held  in  solution,  add 
mercurous  nitrate  to  it.  The  mercury  sulphide  that  forms 
carries  down  with  it  the  nickel  sulphide,  and  upon  igniting 
the  precipitate  the  former  will  again  be  volatilized. 

The  dried  sulphides  are  dissolved  in  hydrochloric  acid* 
with  addition  of  nitric  acid,  and  the  filter,  freed  as 
much  as  possible  from  the  precipitate,  incinerated,  and 
the  ash  added  to  the  solution.  The  diluted  liquid  is  then 
treated  with  sodium  hydrate  in  a  porcelain  or  platinum 
dish  (p.  22).  The  precipitate,  consisting  of  the  hy- 
drated  oxides  of  cobalt  and  nickel,  after  being  washed 
perfectly  by  decantatiou  with  hot  water,  is  reduced  in  a 
current  of  hydrogen,  and  the  metals  formed,  as  above 
directed  (p.  22),  treated  with  water,  and  again  ignited. 
They  are  generally  rendered  impure  by  small  quantities 
of  silicic  acid,  iron  or  alumina ;  therefore,  dissolve  them  in 
nitric  acid,  filtering  the  solution  from  the  silicic  acid,  and 
precipitate  the  iron  by  neutralizing  the  solution  with  am- 
monium hydrate,  and  supersaturating  with  ammonium 

*  When  manganese  is  present,  the  sulphides  are  pre- 
viously treated  with  hydrochloric  acid  and  hydi-ogeu  sulphide. 
(See  p.  104.) 
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carbonate.  Filter  off"  the  precii)itate,  dissolve  it,  and  re- 
peat the  precipitation.  By  ignition  in  a  liydrogen  cur- 
rent the  ferric  oxide  will  be  reduced  to  the  metallic  state, 
and,  together  with  the  silicic  acid,  deducted  from  the  co- 
balt and  nickel. 

For  the  estimation  of  the  cobalt  and  nickel,  evaporate 
the  filtrate  from  the  ferric  oxide  and  ignite  the  residue  to 
expel  all  amraoniacal  salts.  In  the  hydrochloric  acid 
solution  of  the  residue,  precipitate  the  cobalt  as  potassium 
cobaltic  nitrite.  (See  p.  104.)  The  addition  of  sodium 
hydrate  to  the  filtrate  will  produce  the  precipitation  of  the 
nickel. 

When  there  is  relatively  much  cobalt  present  with  the 
nickel,  it  is  more  practical  to  convert  these  into  potassium 
nickel  cyanide  and  potassium  cobalt  cyanide,  and  then 
precipitate  the  nickel  as  sesquioxide  from  an  alkaline 
solution  of  these  compounds.    For  this  purpose,  super- 
saturate the  nitric  acid  solution  of  the  sulphides  witli 
l)otassium  hydrate,  and  add  to  this  hydrocyanic  acid, 
until  the  precipitate  dissolves  and  the  liquid  very  distinctly 
imparts  the  odor  of  the  hydrocyanic  acid.    By  boiling 
this  solution  for  some  time  (about  one  hour),  replacing 
the  water  that  is  evaporated,  the  double  cyanide  of  cobalt 
and  potassium  in  the  solution  is  mostly  converted,  with 
the  liberation  of  hydrogen,  into  potassium  cobalticyanide, 
wliilst  the  double  cyanide  of  potassium  and  nickel  remains 
unchanged.    By  conducting  chlorine  gas  into  this  solu- 
tion, or  warming  it  with  bromine  water  or  sodium  hypo- 
chlorite, in  which  case  care  must  be  preserved  that  the 
liquid  continues  to  be  alkaline,  the  nickel  will  be  precipi- 
tated as  sesquioxide,  which  upon  ignition  passes  into 
protoxide.    The  latter  compound  can  readily  have  alkali 
adhere  to  it,  therefore  it  is  advisable  to  ignite  the  precipi- 
tate in  a  stream  of  hydrogen  and  determine  the  nickel  as 
metal  (p.  23). 
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For  tlic  determination  of  the  cobalt,  the  filtrate  is  mixed 
with  nitric  acid  until  the  liquid  reacts  only  slightly  alka- 
line, and  mercurous  nitrate  is  then  added  to  it.  The 
cobalt  falls  as  cobaltic  mercuric  cyanide,  which,  after 
washing  and  ignition  in  a  stream  of  hydrogen,  becomes 
metallic  cobalt.  The  metal  should  be  tested  for  alkali 
(p.  22). 

In  analyses  of  nickel-matte,  the  determination  of  the 
cobalt  and  nickel  demands  the  most  consideration,  and 
the  course  of  analysis,  in  consequence,  may  be  consider- 
ably simplified. 

Proceed  at  first  as  above  directed,  removing  from  the 
solution  everything  precipitated  by  hydrogen  sulphide  gas. 
Separate  in  the  filtrate,  as  heretofore,  the  iron  from  the 
zinc,  cobalt  and  nickel.  The  filtrate  from  the  iron  pre- 
cipitate, which  must  necessarily  be  concentrated,  is  mixed 
with  sodium  carbonate  to  alkaline  reaction,  the  precipi- 
tate that  is  produced  being  dissolved  in  acetic  acid  and 
sodium  acetate  (50  C.  C.  of  a  solution  of  the  concentration 
1  :  10)  added.  From  this  solution  the  metals  are  preci- 
pitated by  hydrogen  sulphide,  the  liquid  being  heated  con- 
tinuously to  about  20°  C.  The  filtrate  from  the  sulphides 
of  cobalt  and  nickel  (zinc),  which  continues  to  impart  the 
odor  of  the  precipitant,  is  neutralized  with  ammonium 
hydrate  and  slightly  acidulated  with  acetic  acid,  which 
will  cause  a  meagre  precipitation  of  nickel  and  cobalt  sul- 
phides. This  precipitate  may  be  transferred  to  a  sepa- 
rate filter.  To  remove  the  zinc  co-precipitated  with 
cobalt  and  nickel,  we  are  obliged  to  dissolve  the  sulphides 
in  hydrochloric  acid,  aiding  their  solution  by  the  addition 
of  nitric  acid  and  evaporating  the  liquid  to  dryness,  and 
mixing  the  hydrochloric  acid  solution  of  the  residue  with 
ammonium  chloride.  A  sufficiently  large  quantity  of  the 
latter  is  added,  so  that  for  about  5  grms.  of  it  there  are  0.2 
grm.  zinc  oxide.  Upon  evaporating  this  solution  to  dryness 
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and  gently  igniting  tlic  residue,  all  the  zinc  will  be  vola- 
tilized in  the  form  of  chloride,  together  with  the. ammo- 
nium chloride,  and  metallic  cobalt  and  nickel  will  remain. 
These  are  dissolved  in  hydrochloric  acid  with  some  nitric 
acid,  and  precipitated  from  this  solution  with  potassium 
hydrate.  The  oxides  thus  obtained  are,  as  heretofore, 
reduced  and  ignited — Fresenius. 

For  the  mere  determination  of  the  copper  in  the  matte, 
the  already  described  process  may  be  followed. 

The  sulphur  is  best  determined  in  a  separate  portion  of 
the  material. 


Copper  or  Lead-speiss. 

Eegulus. 

These  are  obtained  in  the  smelting  of  copper  ores  con- 
taining antimony  or  arsenic,  or  lead  ores  containing  arsenic 
and  nickel,  and  are  in  composition  antimony  and  arsenic 
compounds  of  iron,  cobalt  and  nickel,  together  with  sul- 
phides of  copper,  lead,  silver,  bismuth,  iron  and  zinc. 

Provided  the  quantity  of  lead  or  antimony  in  the  speiss 
is  small,  the  analysis  may  be  executed  in  a  manner  similar 
to  that  employed  with  the  copper  matte.  When  bismuth 
is  present,  it  is  determined  in  the  filtrate  from  the  lead 
sulphate,  after  the  expulsion  of  the  alcohol,  by  adding  an 
excess  of  water  to  the  solution  previously  saturated  with 
hydrochloric  acid  (p.  56). 

"When  large  quantities  of  lead  and  antimony  are  present, 
it  is  advisable  to  decompose  the  substance  with  chlorine 
gas.  The  apparatus  pictured  in  Fig.  16  serves  for  this 
purpose. 

The  bulb-tube  h,  of  difficultly  fusible  glass,  containing 
the  finely  pulverisjed  substance,  stands  in  connection  with 
the  chlorine  generator  and  also  the  receivers  v  and  v'. 
15 
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The  downward-inclined  limb  of  the  tube  almost  dips  into 
the  liquid  of  the  receiver  v.  The  generating  flask  K  con- 
tains coarsely  powdered  manganese  dioxide,  which,  when 
heated  with  hydrochloric  acid,  generates  chlorine  gas, 
which  is  dried  by  its  passage  through  the  flasks  a  and  b, 
containing  concentrated  sulphuric  acid. 


to 


To  be  able  to  properly  regulate  the  gas  flow,  a  glass 
tube,  bent  at  right  angles,  is  inserted  in  the  flask  K  and 
immersed  in  the  potassium  hydrate  contained  in  the 
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cylinder  (7,  so  tliut  upon  the  entire  or  partial  closure  of 
the  stopcock  A  the  chlorine  will  be  conducted  into  tlie 
potassium  hydrate  and  there  absorbed,  v  and  v'  are  par- 
tially filled  with  a  mixture  of  equal  volumes  of  hydro- 
chloric and  tartaric  acid.  The  chlorine  gas  is  conducted 
away  by  connecting  the  extreme  limb  of  the  receiver  v' 
with  an  aspirator  or  a  glass  tube,  bent  at  right  angles, 
the  end  of  which  dips  in  a  solution  of  dilute  potassium 
hydrate. 

As  chlorine  gas  attacks  caoutchouc  corks  very  readily, 
ordinary  corks  are  employed,  and  the  tubings,  connected 
by  pieces  of  gum,  are  closely  pushed  together. 

When  the  apparatus  is  arranged,  conduct  a  gentle  but 
continuous  stream  of  chlorine  gas  over  the  contents  of  the 
glass-bulb,  and  continue  this  as  long  as  any  decomposition 
of  the  substance  occurs,  which  is  indicated  by  the  warm- 
ing of  the  bulb.  The  contents  of  the  latter  are  now 
gently  heated,  the  flow  of  the  gas  being  at  the  same  time 
increased,  the  temperature  rising  gradually ;  not,  however, 
becoming  so  great  as  to  cause  the  bulb  to  fall  into  a  red 
glow.  By  this  process  the  volatile  chlorides  (arsenic,  an- 
timony, a  portion  of  the  zinc  and  iron),  and  sulphur  as 
chloride  are  driven  from  the  bent  tube  into  the  receivers 
V  and  v',  the  chlorides  being  dissolved,  and  the  sulphur 
oxidized  to  sulphuric  acid.* 

When,  upon  the  application  of  heat  to  the  bulb,  the 
sublimation  of  the  chlorides  no  longer  occurs,  drive  the 

*  Under  certain  circumstances  the  sulphur  choride  is  only 
partly  oxidized  to  sulphuric  acid ;  this  can  occur  when  the  sub- 
stance has  been  heated  so  intensely  by  the  chlorine  that  the 
sulphur  chloride  was  volatilized  before  the  receiver  had  filled 
with  chlorine  gas.  For  this  reason  the  chlorine  stream  must  be 
carefully  regulated  by  partial  closure  of  the  glass  stopcock, 
which  will  prevent  too  intense  warming  of  the  bulb  contents 
and  the  volatilization  of  the  sulphur  chloride. 
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sublimate  in  the  bent  tube,  the  stopcock  h  being  closed, 
with  the  aid  of  a  gas-flame,  as  much  as  possible  into  the 
receiver,  and  sever  the  tube  immediately  behind  the  bulb, 
and  by  proper  inclination  of  the  receiver  dissolve  the 
chlorides  that  may  adhere  to  the  glass  tube. 

The  contents  of  the  receiver  are  transferred  to  a  beaker 
glass,  and  the  sulphuric  acid  precipitated  with  barium 
chloride  (p.  15).  If  sulphur  has  separated  out  in  the 
receiver,  it  is  brought  upon  a  weighed  filter,  dried  at 
100°  C,  and  its  weight  ascertained. 

After  removing  the  excess  of  barium  with  dilute  sul- 
phuric acid,  precipitate  the  arsenic  and  antimony  with 
hydrogen  sulphide.  The  obtained  sulphides  are  separated 
according  to  page  165. 

By  saturating  the  filtrate  from  the  sulphides  with  am- 
monium hydrate  and  sulphide,  the  iron  and  zinc  will  be 
precipitated  as  sulphides.* 

The  latter  are  filtered  with  exclusion  of  air,  washed 
with  water  containing  ammonium  sulphide,  then  dissolved 
in  hydrochloric  acid  with  addition  of  potassium  chlorate, 
and  added  to  the  principal  solution. 

The  non-volatile  chlorides  of  copper,  lead,  silver,  bis- 
muth, cobalt  and  nickel  (iron  and  zinc)  remaining  in  the 
bulb  are  dissolved  in  dilute  hydrochloric  acid,  and  sepa- 
rated according  to  methods  already  described. 

Miargyrite. 

Composition  Silver,  antimony  (arsenic),  sulphur  and 

gangue. 

The  mineral  is  very  easily  decomposed  by  chlorine  gas ; 

*  It  will  not  do  to  add  the  filtrate  directly  to  the  solution  of 
the  metals  remaining  in  the  bulb-tube  k,  because  the  tartaric 
acid  will  prevent  the  precipitation  of  the  oxides  by  certain 
reagents. 


TETRAIIEDRITE  — FURNACE- BEARS. 

af\er  the  decomposition  tlie  bulb-tube  contains  silver  c 
ride*  and  gangue,  which  are  separated  as  directed  u 
Galenite. 

In  regard  to  the  compounds  that  have  passed  over 
the  receiver, 'refer  to  the  preceding  analysis. 


Tetrahedrite. 

CotnposMo7i.—Co^^er,  antimony,  arsenic,  silver,  lead, 
iron,  zinc,  sulphur  and  gangue. 

The  decomposition  here  is  also  effected  by  chlorine. 
The  receiver  will  contain  antimony,  arsenic  and  sulphur, 
as  well  as  iron  and  zinc.  After  the  separation  of  the  an- 
timony, arsenic  and  sulphuric  (p.  172)  acid,  precipitate 
the  iron  and  zinc  with  ammonium  sulphide,  dissolve  the 
precipitate  in  hydrochloric  acid  with  addition  of  nitric 
acid,  and  proceed  according  to  page  108. 

The  bulb-tube  contains  the  chlorides  of  copper,  silver 
and  lead,  with  gangue,  and  sometimes  also  iron  and  zinc. 
These  should  be  dissolved  in  hydrochloric  acid  (silver 
chloride  and  any  gangue  present  remain  behind),  and  are 
separated  in  the  manner  described  on  page  152. 


Furnace-Bears. 

Sows. 

These  form  alloys  of  ii-on  (principal  constituent),  cop- 
per, silver  (gold),  molybdenum,  vanadium,  cobalt,  lead, 
nickel,  zinc,  with  sulphides  and  phosphorus  compounds  of 
these  substances,  containing  besides  larger  or  smaller 
quantities  of  carbon  and  silicic  acid. 

*  The  silver  is  best  determined  by  cupellation  in  a  separate 
portion.    (See  Galenite.) 
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These  substances  are  completely  dissolved  by  heating 
them  with  nitric  acid  or  aqua  regia,  leaving  behind  carbon 
and  silicic  acid.    The  separation  of  the  metals  succeeds 
more  readily  when  the  decomposition  has  been  effected 
by  chlorine  gas.    In  case  a  large  quantity  of  iron  is  pre- 
sent, it  is,  however,  necessary,  in  order  that  the  obstruc- 
tion of  the  bent  tube  be  prevented,  to  employ  a  tube  of 
difficultly  fusible  glass  provided  with  two  bulbs,  so  that 
the  second  bulb  is  in  a  proper  condition  to  take  up  the 
larger  quantity  of  the  ferric  chloride.    The  ignition  in  a 
stream  of  chlorine  is  continued  until  ferric  chloride  is  no 
longer  sublimed,  and  then  you  may  be  assured  all  the 
molybdenum  chloride  has  also  been  volatilized.    In  decom- 
posing with  chlorine  gas,  the  latter  should  be  introduced 
slowly  when  beginning,  and  this  is  to  be  particularly  ob- 
served when  the  substance  exists  in  a  finely  pulverized 
state.    Heat  is  only  applied  to  the  tube  when  there  is  no 
longer  any  perceptible  action  noticed  in  the  cold.  When 
the  operation  is  complete,  the  receiver  will  contain,  be- 
sides the  sulphur  and  phosphorus  chlorides,  the  iron, 
vanadium,  and  molybdenum  in  form  of  chlorides.    In  the 
bulb-tube  may  be  found  the  remaining  chlorides,  as  well 
as  the  iron  residue,  carbon  and  silicic  acid. 

The  contents  of  the  receiver  are  used  for  the  determi- 
nation of  the  oxides,  whilst  the  sulphuric  and  phosphoric 
acids  are  estimated  in  a  separate  portion  of  the  substance. 
(See  below.)  Continue  conducting  hydrogen  sulphide  gas* 
into  the  liquid  until  the  solution  above  the  precipitate  has 
become  perfectly  colorless.  As  molybdic  acid  is  altered 
very  slowly  to  sulphide,  the  solution,  containing  the  formed 

*  When  vanadium  is  not  present,  supersaturate  the  liquid 
with  ammonium  hydrate  and  sulphide,  which  will  dissolve  the 
molybdenum  sulphide  and  leave  the  iron.  (For  the  further  pro- 
cess, see  Pyromorphite.)  The  residual  iron  sulphide  is  converted 
into  oxide. 
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molybdenum  oxide,  will  possess  a  blue  color,  even  iif'ter 
protracted  treatment  witli  this  reagent. 

The  absorbed  chlorine,  upon  the  other  hand,  decomposes 
a  rather  large  quantity  of  hydrogen  sulphide,  and  it  is, 
therefore,  owing  to  tlie  easy  volatilization  of  the  dissolved 
chlorides,  not  advisable  to  previously  expel  the  chlorine 
by  the  application  of  heat. 

The  precipitate  of  molybdenum  sulphide  is  transferred 
to  a  filter  dried  at  120°  C,  washed  with  hot  water,  and 
dried  at  the  same  temperature  until  constant  weight  is 
obtained.  An  aliquot  portion  of  the  precipitate  is  then 
heated  in  a  stream  of  hydrogen  and  the  residual  MoS, 
determined. 

The  filtrate  from  the  molybdenum  sulphide  contains  the 
vanadium  and  the  iron.  Ammonium  hydrate  is  mixed 
with  this  until  it  yields  an  alkaline  reaction,  and  yellow 
ammonium  sulphide  then  added  in  excess.  By  continued 
digestion  with  ammonium  sulphide  upon  a  water-bath 
the  entire  quantity  of  vanadium  is  dissolved;  the  residue 
is  iron  sulphide,  which  may  be  dissolved  in  hydrochloric 
acid,  and  after  oxidation  with  nitric  acid,  precipitated  as 
hydrated  ferric  oxide. 

For  the  estimation  of  the  vanadium  the  solution  in  am- 
monium sulphide  is  mixed  with  nitric  acid  and  evaporated 
to  dryness.  The  residue  is  mixed  with  several  times  its 
weight  of  saltpetre,  and  gradually  heated  to  fusion  in  a 
porcelain  crucible.  Extract  the  residue  with  water,  neu- 
tralize with  nitric  acid  ;  the  liquid  must,  however,  con- 
tinue to  react  alkaline,  and  precipitate  the  vanadic  acid  as 
ammonium  vanadate.  To  this  end,  after  concentrating 
the  solution  as-much  as  possible,  and  while  warm,  add  to 
it  a  saturated  solution  of  ammonium  chloride  and  one- 
third  volume  alcohol.  After  several  days  the  ammonium 
vanadate  will  have  separated  perfectly,  and  may  then  be 
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washed  at  first  with  a  saturated  ammonium  chloride  solu- 
tion, and  the  latter  finally  replaced  by  alcohol. 

By  gradual  ignition  of  ammonium  vanadate  with  access 
of  air  it  is  converted  into  (Vß^)  vanadic  acid.  To  pre- 
vent the  reduction  of  the  latter  the  precipitate  must  be 
carefully  separated  from  the  filter,  and  this  incinerated 
upon  a  platinum  wire,  after  having  moistened  it  with  am- 
monium nitrate,  and  then  dried.  The  chlorides  remain- 
ing in  the  bulb-tube  are  dissolved  in  hydrochloric  acid, 
and  the  carbon  transferi-ed  to  an  asbestos  filter.  Its 
quantity  is  determined  by  mixing  it  with  cupric  oxide,  and 
oxidizing  it  in  a  stream  of  oxygen  to  carbon  dioxide, 
which  is  absorbed  by  soda-lime,  then  weighed.  For  the 
remaining  points  of  this  operation,  see  the  analysis  of  Cast 
Iron. 

When  silver  is  present  it  will  remain  with  the  carbon, 
after  treating  the  chlorides  with  hydrochloric  acid.  If  it 
is  desirable  to  determine  the  silver  simultaneously  with 
the  carbon,  ignite  the  residue  in  a  stream  of  hydrogen, 
which  Avill  cause  the  reduction  of  the  silver  chloride  to 
metal,  which  is  then  dissolved  in  dilute  nitric  acid,  and 
the  silver  determined  as  chloride  in  the  liquid  filtered 
through  an  asbestos  filter  (p.  47). 

The  separation  of  the  chlorides  dissolved  in  hydrochloric 
acid  (residue  of  the  bulb-tube  after  decomposition  with 
chlorine  gas)  may  be  effected  by  reference  to  the  preceding 
examples. 

To  estimate  the  sulphuric  acid  dissolve  a  separate  por- 
tion of  substance  in  nitric  acid  or  aqua  regia,  and  expel 
the  excess  of  nitric  acid  by  repeated  evaporation  with  hy- 
drochloric acid,  and  precipitate  the  sulphuric  acid  in  the 
aqueous  acidified  solution  of  the  residue  with  barium 
chloride. 

Phosphoric  Acid  JDetertJiination.  —  Su^ers&tur&te  the 
nitric  acid  solution  of  the  substance  with  sodium  carbonate, 


STIBNITE. 


177 


evaporate  and  fuse  the  residue  in  a  silver  or  platinum 
crucible  with  an  equal  weight  of  a  mixture  consisting  of 
equal  parts  of  potassium  nitrate  and  sodium  carbonate. 
The  fused  mass  is  extracted  with  Avater,  the  solution  super- 
saturated with  ammonium  sulphide  and  digested  some 
time  upon  a  water-bath,  whereby  the  molybdenum  is  dis- 
solved as  sulphide  and  precipitated  as  such  upon  the  addi- 
tion of  hydrochloric  acid.  The  acidified  solution  is  heated 
until  it  no  longer  imparts  the  odor  of  hydrogen  sulphide, 
and  the  phosphoric  acid  is  then  thrown  down  in  the  fil- 
trate, after  previous  neutralization  with  ammonium  hy- 
drate by  the  addition  of  magnesium  chloride  to  the  liquid 
(p.  25). 

All  the  vanadic  acid  will  be  found  in  the  filtrate  from 
the  magnesium  ammon-phosphate,  provided  that  a  suffi- 
cient quantity  of  hydrochloric  acid  had  been  employed  for 
the  decomposition  of  the  ammonium  sulphide. 


Stibnite. 

Composition  Antimony,  sulphur  (iron,  lead,  copper, 

arsenic). 

When  the  mineral  contains  nothing  but  antimony,  iron 
and  sulphur,  a  finely  pulverized  portion  of  it  may  be  oxi- 
dized either  with  aqua  regia,  or  potassium  chlorate  and 
nitric  acid.  If  antimonic  oxide  separates  out  in  this 
operation,  decant  the  liquid  from  it,  and  bring  it  into 
solution  by  treating  it  with  a  mixture  of  hydrochloric  and 
tartaric  acid,  or  tartaric  acid  is  directly  added  to  the  aqua 
regia  solution. 

The  liquid  freed  from  excess  of  acid  is  precipitated  with 
barium  chloride,  after  the  previous  addition  of  tartaric 
acid,  which  is  done  to  prevent  the  precipitation  of  any 
antimonic  oxide. 
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The  excess  of  barium  chloride  in  the  filtrate  is  precipi- 
tated by  sulphuric  acid,  and  the  antimony  in  the  filtrate 
thrown  down  as  sulphide,  and  determined  according  to 
page  53. 

Determine  the  iron  by  adding  ammonium  hydrate  and 
sulphide  to  the  filtrate  from  the  antimony  sulphide.  After 
the  complete  separation  of  the  iron  sulphide,  which  is 
hastened  by  warming  the  liquid,  it  is  filtered  away  from 
air-contact,  washed  with  hydrogen  sulphide  water,  and 
dissolved  in  hydrochloric  acid  with  addition  of  potassium 
chlorate  or  bromine  Avater.  Ammonium  precipitates  from 
this  solution  hydrated  ferric  oxide,  which  is  determined 
according  to  page  24. 

If  the  above-mentioned  metals,  especially  lead,  are  pre- 
sent in  the  stibnite,  it  must  be  decomposed  with  chlorine. 
The  chlorides  of  arsenic,  antimony,  sulphur  and  iron  are 
sublimed  and  then  separated  as  on  page  172. 

As  stibnite  is  decomposed  very  easily  already  at  ordi- 
nary temperatures  by  chlorine  gas,  to  prevent  a  too  rapid 
volatilization  of  sulphur  chloride  (see  remark,  p.  171), 
the  stream  of  chlorine  must  be  regulated  and  allowed  to 
pass  through  the  bulb  in  a  w^eak  current. 

In  the  bulb-tube  are  the  chlorides  of  lead  and  copper 
and  the  iron  residue.  These  are  dissolved  in  water  with 
addition  of  hydrochloric  acid,  and  the  copper  and  lead 
separated  according  to  page  49. 

The  iron  is  precipitated  as  hydrated  oxide  in  the  filtrate 
from  the  copper  sulphide. 

In  many  instances  in  the  analysis  of  stibnite  the  esti- 
mation of  the  antimony  is  all  that  is  desired  ;  this  is  ac- 
complished either  gravimetrically  or  volumetrically.  For 
the  gravimetric  determination  of  antimony,  supersaturate 
the  solution  which  has  been  obtained  with  ammonium 
hydrate  and  sulphide,  and  digest  for  some  time  upon  a 
water-bath,  following  carefully  the  directions  inserted  on 
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j)age  52.  In  the  presence  of  copper,  sodium  sidphide  should 
replace  ammonium  sulphide.  When  considerable  quanti- 
ties of  other  metals  are  mixed  with  antimony  in  stibnite, 
one  will  not  succeed  in  dissolving  all  the  antimony  sul- 
phide in  alkaline  sulphides  ;  therefore  the  residual  sul- 
phides should  be  fused  with  sodium  carbonate  and  sulphur 
(p.  54). 

Hydrochloric  or  sulphuric  acid  precipitates  the  sulphide 
of  antimony  from  its  solution  in  the  alkaline  sulphides, 
and  it  is  then  further  treated  according  to  the  method 
given  on  page  52.  The  antimony  sulphide  may  be  decom- 
posed by  hydrochloric  acid,  and  the  evolved  hydrogen 
sulphide  gas  conducted  into  a  bromine  solution  (p.  135). 
The  antimony  is  calculated  from  the  amount  of  sulphuric 
acid  that  has  been  obtained. 

Sb,S3  :  3BaS0,,  etc.,  or  BaSO,  :  |Sb. 
The  volumetric  determination  of  antimony  depends  on 
the  principle  that  the  antimonic  oxide  in  an  alkaline  solu- 
tion is  converted  by  iodine  into  antimonic  acid  and  hy- 
driodic  acid : — 

HSbO,  +  21  +  H,0  =  HSb03  -f-  2III. 
If  for  the  decomposition  an  iodine  solution  of  known 
strength  (about  j\  normal  solution,  which  is  made  by  dis- 
solving 12.7  grms.  iodine  in  potassium  iodide  solution  and 
diluting  to  1  litre)  has  been  taken,  two  atoms  of  the  em- 
ployed iodine  will  correspond  to  one  molecule  of  antimonic 
oxide.  To  ascertain  when  the  reaction  is  complete,  add 
starch  paste  to  the  solution,  and,  as  soon  as  the  liquid  be- 
comes blue  from  the  starch  iodide,  the  oxidation  of  the 
antimony  oxide  is  finished. 

The  antimony  tersulphide  is  dissolved  in  hydrochloric 
acid,  heat  applied  until  the  odor  of  hydrogen  sulphide  has 
disappeared,  and  the  solution  then  mixed  with  tartaric 
acid  or  Seignette  salt  and  supersaturated  with  sodium 
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hydrocarbonate.  After  the  addition  of  some  starch  paste, 
the  iodine  solution  is  allowed  to  flow  from  the  burette 
until  the  blue  color  of  starch  iodide  appears. 

If  t  C.  C.  iodine  solution  have  been  used,  and  a  repre- 
sents the  quantity  of  iodine  in  1  C.  C.  of  the  solution,  we 
have : — 

21  :  ll^hO^  =  at  :  x    or    21  :  Sb  :  :        :  x. 

The  standardization  of  the  iodine  solution  is  best  fixed 
■with  antimony  tartrate,  and  it  is  advisable  tha,t  the  same 
conditions  be  preserved  in  the  titration  (similar  concen- 
tration, equal  volumes  tartaric  acid  and  sodium  hydrocar- 
bonate). 

Burnonite. 

CoOT^osiitzon.— Lead,  copper  (iron)  and  sulphur. 
The  pulverized  mineral  is  decomposed  with  chlorine 
gas,  and  the  analysis  executed  as  heretofore. 


Zinkenite. 

Composition  Antimony,  lead  (silver,  copper,  iron), 

sulphur. 

The  same  mode  of  decomposition  may  be  used  here  as 
in  the  preceding  examples.  As  zinkenite  is  soluble  in 
hydrochloric  acid  (excepting  the  silver  that  may  be  pre- 
sent, which  will  remain  as  silver  chloride),  the  metals  may 
be  determined  in  this  solution.  The  liquid  is  super- 
saturated with  ammonium  hydrate  and  sulphide  (when 
copper  is  present  use  sodium  sulphide),  and  the  directions 
given  on  page  52  strictly  followed. 

When  the  sulphides  of  lead,  silver,  copper  and  iron 
have  been  perfectly  washed,  they  are  dissolved  in  nitric 
acid,  and  the  lead  precipitated  as  lead  sulphate  (p.  49). 
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The  alcohol  is  expelled  from  the  filtrate,  and  the  silver 
then  thrown  down  as  clilovide.  In  the  filtrate  from  this, 
precipitate  the  copper  as  sulphide  (p.  48). 

Expel  the  hydrogen  sulphide,  oxidize  the  solution  with 
nitric  acid  or  potassium  chlorate,  and  precipitate  the  iron 
by  ammonium  hydrate. 

When  hydrochloric  acid  has  been  employed  in  bringing 
the  mineral  into  solution,  the  sulphur  must  be  determined; 
this  is  best  accomplished  by  following  the  method  de- 
scribed in  the  analysis  of  Ultramarine  (p.  134). 

According  to  Wöliler,  zinkenite  ignited  in  a  current  of 
hydrogen  loses  its  entire  quantity  of  sulphur  as  hydrogen 
sulphide,  and  there  remains  pure  antimony-lead  (silver, 
copper,  iron).  The  analysis  is  carried  out  by  heating  a 
weighed  portion  of  the  sample,  placed  in  a  porcelain  boat, 
whicb  is  inserted  in  a  porcelain  combustion  tube,  in  a 
stream  of  hydrogen  gas.  The  mixture  of  hydrogen  sul- 
phide and  hydrogen  is  conducted  into  a  bromine  solution 
(p.  134),  and  the  sulphur  calculated  from  the  sulphuric 
acid  that  has  been  formed. 

When  the  decomposition  is  finished,  tbe  residue  in  the 
boat  is  dissolved  in  nitric  and  tartaric  acids  and  examined 
as  already  directed. 

Ullmannite. 

Composition  Antimony,  nickel  and  sulphur. 

The  mineral  can  also  be  decomposed  by  chlorine  gas. 
The  nickelous  chloride  remaining  in  the  bulb  is  dissolved 
in  dilute  hydrochloric  acid  and  precipitated  with  sodium 
hydrate.  By  ignition  of  the  nickelous  oxide  in  a  current 
of  hydrogen  it  is  converted  into  metallic  nickel  (p.  23). 
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Niceolite. 

Kupfernickel. 

Composition. — Nickel,  arsenic  (iron,  lead,  sulphur). 

The  finely  powdered  mineral  is  dissolved  in  aqua  regia, 
and  the  nitric  acid  removed  by  repeated  evaporation  witli 
hydrochloric  acid.  After  the  reduction  of  arsenic  to 
arsenious  acid  by  means  of  sulphurous  acid,  the  arsenic 
(and  lead)  is  precipitated  with  hydrogen  sulphide.  Upon 
dio-estins:  the  sulphides  with  ammonium  sulphide,  the 
arsenic  sulphide  will  be  dissolved.  The  undissolved  lead 
sulphide  is  ignited  in  a  stream  of  hydrogen  and  weighed 
(p.  30). 

The  arsenic  sulphide  is  reprecipitated  when  hydro- 
chloric or  sulphuric  acid  is  added  to  the  ammonium  sul- 
phide solution.  It  is  then  converted  into  magnesium 
arseniate.  (See  p.  68.) 

As  there  is  but  a  trifling  amount  of  iron  in  niceolite, 
it  is  separated  from  nickel  by  double  precipitation  with 
ammonium  hydrate  and  carbonate.  The  instructions  on 
page  166  should  be  followed  out  here. 

Determine  the  sulphur  in  a  separate  portion  by  oxi- 
dizing the  mineral  with  nitric  acid  or  aqua  regia. 

Linnaeite. 

COBALT-KIES. 

Composition. — Cobalt  and  sulphur. 

The  finely  pulverized  mineral  is  decomposed  either  by 
aqua  regia  or  potassium  chlorate,  and  the  solution  freed 
from  nitric  acid  by  repeated  evaporation  with  hydrochloric 
acid,  and  then  mixed  with  barium  chloride.  The  excess 
of  the  latter  is  precipitated  by  dilute  sulphuric  acid,  and 
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tlu'  oobiilt  (letonnliHMl  in  tlic  liltruto  :is  liydralod  oxi<1(«, 
which  is  converted  into  nieUllic  cobiilt  (p.  22). 

If  accurately  agreeing  measuring  vessels  are  at,  com- 
mand, the  solution  of  the  substance  may  be  reduced  to  a 
dctinite  volume,  and  the  measured  volumes  used  in  deter- 
mining the  sulphuric  acid  and  cobalt. 

Cobaltite. 

Composition  Cobalt,  iron  (copper,  antimony),  arsenic 

and  sulphur. 

The  course  of  analysis  to  be  pursued  may  be  readily 
determined  from  what  has  been  learned  from  preceding 
examples.    Cobaltite  is  decomposed  by  nitric  acid  alone, 
and  the  acid  expelled  by  evaporating  the  solution  with 
hydrochloric  acid.    In  the  aqueous  solution  of  the  residue, 
acidiüed  with  hydrochloric  acid,  precipitate  the  sulphuric 
acid  with  barium  chloride  and  the  excess  of  the  latter 
with  sulphuric  acid.    Or,  Ave  can  use  an  aliquot  portion 
of  the  solution  for  the  estimation  of  the  sulphuric  acid. 
Before  precipitating  the  arsenic,  antimony  and  copper 
with  hydrogen  sulphide,  tirst  reduce  the  arsenic  to  arse- 
nious  acid  with  sulphurous  acid  or  potassium  hyposulphite, 
and  separate  the  metals  by  digesting  them  with  sodium 
sulphide.    The  copper  sulphide  that  remains,  after  being 
washed  with  water  containing  hydrogen  sulphide,  may  be 
weighed  as  sucli  (p.  48).    Tlie  sul[)hi(les  of  arsenic  and 
antimony  that  have  been  dissolved  are  precipitated  accord- 
ing to  page  165  and  estimated. 

Tiie  filtrate  from  the  above  precipitate  contains  yet  the 
cobalt  and  iron.  Bring  the  solution  to  boiling  to  expel 
the  hydrogen  sulphide,  then  add  enough  nitric  acid  to 
convert  the  ferrous  into  ferric  salts  and  separate  the  latter 
fi-om  cobalt  by  double  precipitation  with  ammonium  hy- 
drate and  carbonate.    (See  Nickel  Matte,  p.  1(36.) 
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To  precipitate  the  cobalt  as  liydrated  oxide,  the  ammo- 
niacal  salts  must  be  first  expelled  by  ignition,  or  the  cobalt 
may  be  separated  as  sulphide.  In  doing  this  follow  strictly 
the  description  mentioned  under  Nickel  Matte. 

Arsenical  Cobalt. 

Composition  Cobalt,  iron,  arsenic  and  sulphur. 

Proceed  precisely  as  in  the  analysis  of  Cobaltite.  As 
the  mineral  contains  a  very  considerable  amount  of  iron, 
its  perfect  separation  from  the  cobalt  can  only  then  be 
insured,  when  the  first  obtained  precipitate  of  ferric  oxide 
is  redissolved  in  hydrochloric  acid  and  the  precipitation 
with  ammonium  hydrate  and  carbonate  repeated. 

Cerrusite. 

Composition  Lead  oxide  (ferric  and  calcium  oxides) 

and  carbon  dioxide. 

The  pulverized  mineral  is  dried  at  100°  C.  and  dis- 
solved in  dilute  nitric  acid,  and  tlie  lead  precipitated  either 
(p.  49)  as  sulphate,  or  as  sulphide  (p.  57). 

Oxidize  the  filtrate,  after  expelling  the  hydrogen  sul- 
phide gas,  with  nitric  acid,  and  precipitate  the  small 
quantity  of  ferric  oxide  with  ammonium  hydrate  and  sub- 
sequently the  calcium  with  ammonium  oxalate  (p.  13). 

The  carbon  dioxide  is  determined  in  another  portion  of 
the  substance  (p.  33). 

Galenite. 

Composition.— LQii.^  (antimony,  arsenic,  copper,  silver, 
gold,  zinc,  iron),  sulphur  and  gangue. 

Galenite  that  is  rich  in  antimony  is  most  advantageously 
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decomposed  by  clilorine  gus.  If  nitric  acid  or  some  other 
oxidizing  agent  is  used  to  cause  solution,  the  separated 
lead  sulphate  is  invariably  impurified  by  antimony. 

In  the  decomposition  with  clilorine  gas  the  receiver  will 
contain  the  sulphuric  acid,  antimony,  arsenic  and  also  a 
portion  of  the  iron  and  zinc.  For  the  analysis  of  these 
substances  refer  to  page  172. 

The  bulb-tube  will  contain  the  chlorides  of  lead,  silver, 
coi)per  and  the  non-volatilized  portions  of  iron  and  zinc. 
The  separation  of  these  substances  will  easily  follow  from 
the  numerous  examples  and  their  tre{itment,  which  have 
already  been  given.  The  course  of  analysis  is  briefly  in- 
dicated as  follows :  Dissolve  the  contents  of  the  bulb  in 
dilute  hydrochloric  acid ;  the  greater  portion  of  the  lead 
will  separate  as  chloride  and  dissolve  again  by  repeatedly 
boiling  with  water.  The  insoluble  portion  is  silver  chloride 
and  gangue.*  After  concentrating  the  solution  precipitate 
the  lead  with  dilute  sulphuric  acid,  and  the  copper  in  the 
filtrate  with  hydrogen  sulphide  gas  (p.  50). 

The  filtrate,  as  heretofore,  must  be  boiled  and  nitric 
acid  added  to  oxidize  the  iron,  which  is  then  separated 
from  the  zinc  by  sodium  acetate.  The  zinc  in  the  filtrate 
is  determined  as  sulphide. 

If  the  decomposition  of  galenite  is  effected  by  strong 
nitric  acid,  a  large  portion  of  the  lead  will  separate  as  sul- 
phate.   This  may  be  dissolved  and  separated  from  the 

*  Generally  the  silver  is  determined  by  refining  (see  below). 
To  estimate  the  gaugue  in  presence  of  silver  chloride,  ignite  the 
residue  in  a  stream  of  hydrogen,  whereby  metallic  silver  and  a 
compound  of  silver  and  silica  are  produced.  The  silver  will  be 
perfectly  dissolved  when  the  residue  is  warmed  with  dilute 
nitric  acid.  The  silica  and  gangue  separate  fully  when  the 
licjuid  is  evaporated  upon  a  water-bath.  The  aqueous  solution 
of  the  residue  may  be  employed  for  the  estimation  of  the  silver. 
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gangue  by  repeated  boiling  witb  liydrocbloric  acid.  Or, 
the  nitric  acid  solution  may  be  evaporated  to  drynesswith 
sulphuric  acid,  thus  causing  complete  separation  of  the 
lead  (p.  49).  In  this  case,  the  joint  weight  of  lead  sul- 
phate and  silica  is  determined,  and  the  mass  then  digested 
with  a  solution  of  ammonium  acetate  or  tartrate.  The 
lead  sulphate  dissolves  completely.  Tlie  gangue  residue 
is  weighed  and  the  difference  in  the  two  weights  will  indi- 
cate the  amount  of  lead  sulphate. 

The  other  metals  will  be  found  in  the  filtrate  from  the 
lead  sulphate,  and  may  be  separated  according  to  methods 
already  described. 

Ordinarily,  in  the  analysis  of  galenite,  the  determina- 
tion of  the  lead  and  silver  is  all  that  is  wished,  therefore 
the  following  methods  are  almost  exclusively  used : — 

25  grms.  of  the  pulverized  ore  are  mixed  in  a  wrought- 
iron  crucible  with  from  2  to  3  times  the  quantity  of  soda, 
the  mass  covered  with  a  layer  of  borax  and  the  crucible 
placed  either  in  the  hot  muffle  of  an  assay  furnace  or 
directly  in  the  coke  fire  of  a  wind  oven.  When  the  con- 
tents of  the  crucible  have  become  liquid,  the  air  entrances 
are  closed,  causing  a  depression  in  the  temperature,  and 
the  crucible  is  alloAved  to  remain  for  ten  minutes  in  the 
fire,  which,  however,  is  dependent  upon  the  fusibility  of 
the  lead  mixtures  contained  in  the  ore.  When  the  liquid 
mass  is  no  longer  disturbed  by  gas  bubbles,  lift  the  cru- 
cible out  of  the  oven,  unite  the  lead  globules  by  tapping 
upon  the  crucible,  pour  out  first  the  slag  and  then  the 
liquid  lead  that  has  collected  on  the'  crucible  bottom  in  a 
metallic  globule.  With  a  certain  amount  of  practice  one 
can  soon  acquire  the  art  of  pouring  out  the  lead  perfectly 
free  from  slag,  and  obtain  a  regulus  Avhich  can  be  imme- 
diately weighed.  When  slag  is  mixed  with  the  lead, 
remove  it  by  breaking  up  the  regulus  and  weigh  the  lead 
after  having  washed  it. 
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The  reduced  lead  contains  llie  entire  quantity  of  silver* 
present  in  the  ore.  To  determine  this,  the  lead  must  be 
expelled,  that  is,  converted  by  oxidizing  ignition  into  lead 
oxide.  To  accomplish  this  the  lead  is  placed  in  a  pre- 
viously ignited  cupel,  and  this  then  set  in  a  glowing  muffle. 
As  soon  as  the  lead  is  melted,  by  a  partial  opening  of  the 
draught  the  heat  must  be  so  regidated  that  the  assay  does 
not  become  too  hot,  which  would  cause  a  partial  oxidation 
of  the  silver,  which  would  then  be  absorbed  by  the  cupel, 
together  with  the  lead  oxide.  Again,  when  the  tempera- 
ture sinks  too  low,  the  assay  will  become  rigid  (freeze). 
"When  the  latter  occurs,  it  is  exceedingly  difficult  to  bring 
the  assay  into  propulsion. 

The  point  when  all  the  lead  has  been  expelled  is  easily 
recoo-nized :  the  smooth  color  of  silver  appears  upon  the 
metallic  globules  where  thin  coverings  of  lead  oxide  had 
been.  The  hot  cupel  is  then  taken  from  the  muffle,  and 
the  globule  of  silver,  while  still  hot,  is  smoothed  over  with 
a  small  steel  anvil  to  free  it  from  adhering  lead  oxide. 

When  gold  is  present  in  galenite,  it  will  be  discovered 
in  the  silver  globule.  The  silver  is  dissolved  in  dilute 
nitric  acid,  in  a  weighed  porcelain  crucible,  the  residual 
gold  thoroughly  washed  by  decantation  with  hot  water 
(this  can  be  executed  without  the  slightest  loss  whatever), 
and  its  weight  determined  after  slight  ignition. 

Wulfenite. 

Composition  Lead  molybdate. 

The  mineral  is  readily  decomposed  by  fusion  with  a 
mixture  of  equal  parts  of  sodium  carbonate  and  sulphur. 


*  To  estimate  the  silver  in  ores  poor  in  lead,  mix  them  with 
lead  oxide  not  containing  any  silver,  and  reduce  them  as  above 
directed. 
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The  procedure  is  tlie  same  as  given  at  page  55,  the  fused 
mass  being  exti-acted  with  water.  The  molybdenum 
exists  as  sodium-molybdenum  sulphide  in  the  solution, 
and  may  be  separated  from  the  latter  as  sulphide  by  tlie 
addition  of  hydrochloric  acid  to  it.  Tlie  decomposition 
is  best  effected  at  a  boiling  heat,  this  being  maintained 
until  all  the  hydrogen  sulphide  is  removed.  The  molyb- 
denum sulphide  is  transferred  to  a  filter  weighed  at  120° 
C,  washed  with  hot  water,  and  an  aliquot  part  of  the  pre- 
cipitate dried  at  the  same  temperature  and  ignited  in  a 
stream  of  hydi'ogen.    The  residue  is  MoS^. 

The  residual  lead  sulphide  is  weighed  as  such,  after 
having  been  perfectly  washed  with  water  containing  hy- 
drogen sulphide  (p.  20). 

Pyromorphite . 

Green  and  Brown  Lead  Ore.  • 

Composition  Lead  phosphate  and  chloride,  sometimes 

with  the  sulphate  and  arsenate  and  calcium  fluoride. 

To  determine  the  lead  oxide,  calcium  oxide,  phosphoric 
acid,  and  arsenic  acid,  the  finely  pulverized  mineral  is  di- 
gested with  nitric  acid  until  it  all  has  passed  into  solution, 
when  the  liquid  is  evaporated  to  dryness  on  a  water-bath, 
with  addition  of  hydrochloric  acid.  As  the  nitric  acid  will 
counteract  the  precipitation  of  the  arsenic  acid  by  hydro- 
gen sulphide,  the  residue  is  again  moistened  with  strong 
hydrochloric  acid,  the  evaporation  repeated,  and  solution 
finally  effected  by  hydrochloric  acid.  After  pouring  off 
the  supernatant  liquid,  the  separated  lead  chloride  is  dis- 
solved by  successive  washings  with  water,  and  a  stream  of 
hydrogen  sulphide  conducted  through  the  liquid  which 
had  previously  been  reduced  by  sulphurous  acid.  The 
precipitate,  sulphides  of  arsenic  and  lead,  is  digested 
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with  ammonium  suli)hi(le,  the  iiisohiblc  lend  sulphide 
ignited  in  a  stre;un  of  hydrogen,  and  the  uvsenic  (ersulphide 
reprccipitiited  from  its  solution  upon  the  addition  of  dilute 
hydrochloric  acid.  The  sulphide  is  converted  into  ammon- 
magnesium  arseniate  and  determined  (p.  69). 

Sulphuric  acid  is  added  to  the  filtrate  from  the  above 
sulphides,  the  solution  evaporated,  and  the  calcium  deter- 
mined as  sulphate  (p.  29). 

Neutralize  the  filtrate  with  ammonium  hydrate  and  pre- 
cipitate the  phosphoric  acid  by  adding  magnesium  chlo- 
ride (p.  25).  In  the  presence  of  sulphuric  acid,  some  of 
it  is  likely  to  contaminate  the  magnesium  precipitate ;  it 
is,  therefore,  necessary  to  redissolve  the  imperfectly  washed 
precipitate  in  hydrochloric  acid  and  reprecipitate  by  addi- 
tion of  ammonium  hydrate  and  some  more  magnesium 
chloride  solution. 

Proceed  in  determining  the  chlorine  as  directed  (p.  117). 

The  sulphuric  acid  is  precipitated  by  barium  chloride 
(p.  15)  in  the  nitric  acid  solution,  after  the  excess  of  the 
latter  acid  has  been  evaporated. 

The  determination  of  the  fluorine  in  the  presence  of 
phosphoric  acid,  lead,  etc.,  is  accompanied  by  many  diffi- 
culties and  cannot  be  accurately  estimated,  and  must 
therefore  be  calculated  by  difference. 

Lead  Matte. 

Composition  Lead,  copper,  iron  (silver,  antimony, 

nickel,  zinc),  sulphur. 

The  finely  pulverized  substance  can  be  decomposed  by 
chlorine  gas,  and  the  analysis  indeed  conducted  through- 
out similarly  to  that  described  on  page  170. 
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Red  Lead. 

Composition. — Besides  the  lead  tetroxide,  the  commer- 
cial red  lead  contains  generally  small  quantities  of  arsenic, 
antimony,  copper,  silver,  iron,  zinc,  calcium,  silicic  acid 
and  carbon  dioxide. 

If,  in  the  production  of  red  lead,  the  lead  oxide  has 
not  been  perfectly  oxidized,  there  is  formed  a  mixture  of 
lead  tetroxide  and  oxide.  The  quantity  of  the  latter  may 
be  determined  by  digesting  the  finely  pulverized  substance 
dried  at  100°  C,  with  a  solution  of  neutral  lead  acetate, 
in  which  the  oxide  is  easily  soluble.  The  insoluble  tetrox- 
ide is  transferred  to  a  weighed  filter  and  dried  at  100°  C, 
until  the  weight  becomes  constant. 

The  impurities  occurring  in  red  lead  are  determined  by 
dissolving  the  substance,  dried  at  100°  C,  in  dilute  hydro- 
chloric acid.  Should  lead  chloride  perchance  separate  out, 
it  may  again  be  dissolved  by  treating  it  repeatedly  with 
hot  water.  Any  silver  chloride  or  silicic  acid*  present 
remains  undissolved.  Filter,  and  evaporate  the  filtrate 
with  addition  of  sulphuric  acid  to  determine  the  lead 

(p.  49).  _ 

The  arsenic,  antimony,  and  copper  are  precipitated  by 
hydrogen  sulphide  in  the  filtrate  from  the  lead  sulphate. 
The  first  two  are  separated  with  sodium  sulphide  and 
determined  as  directed  on  page  165.  After  washing  the 
insoluble  copper  sulphide  with  water  containing  hydrogen 
sulphide,  ignite  and  weigh  it. 

For  the  estimation  of  silver  in  red  lead  take  at  least  25 
grms.  and  form  a  lead  regulus  by  fusing  the  substance 
with  soda  and  borax.  The  silver  will  remain  in  the  cupel 
after  the  expulsion  of  the  lead  (p.  186). 


*  Silver  chloride  aud  silicic  acid  are  separated  according  to 
page  185. 
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Iron,  zinc  and  calcium  arc  detei-mined  as  usual  in 
tlie  liltrate  from  the  precipitate  produced  by  hydrogen 
sulphide. 

Ascertain  the  quantity  of  carbon  dioxide  according  to 
page  33.  Sulphuric  acid  must  be  used  to  decompose  tlie 
lead  tetroxide,  because  hydrochloric  acid  would  form  with 
it  free  chlorine  and  lead  chloride. 

Cinnabar. 

Composition  Mercury  sulphide,  ferric  and  manganic 

oxides  (copper),  calcium  oxide  and  alumina. 

Sulphur  Determination — It  may  be  oxidized  to  sul- 
phuric acid  by  treating  the  finely  pulverized  substance 
with  aqua  regia,  or  nitric  acid  and  potassium  chlorate 
(p.  133),  or  even  with  bromine  in  a  hydrochloric  acid 
solution  (p.  156). 

Another  method  is  based  upon  the  oxidation  of  the  sul- 
phur by  chlorine  in  presence  of  a  caustic  alkali  (sodium 
or  potassium).  Suspend  the  pulverized  substance  in  dilute 
potassium  or  sodium  hydrate,  and  while  applying  heat 
continue  the  introduction  of  chlorine  into  the  liquid  until 
the  red  color  of  cinnabar  has  been  changed  to  the  red- 
brown  of  mercuric  oxide;  or  until  the  oxide  has  been 
fully  converted  into  the  white  chloride.  After  acidifying 
the  solution  with  hydrochloric  acid,  precipitate  the  sul- 
phuric acid  as  usual  (p.  15). 

Determination  of  the  Mercury  and  i^emaining  Oxides. 

 A  solution  of  the  substance  in  aqua  regia  is  evaporated 

with  addition  of  hydrochloric  acid  to  dryness  upon  a  water- 
bath.  The  hydrochloric  acid  solution  of  the  residue  is 
boiled  with  sulphurous  acid  to  reduce  ferric  to  ferrous 
oxide,  and  the  mercury  then  precipitated  by  hydrogen 
sulphide. 
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The  mercuric  sulpliide  (IlgS)  is  brought  upon  a  filter 
dried  at  100°  C,  washed  with  water,  and  dried  at  the  same 
temperature  until  the  weight  becomes  constant. 

The  mercuric  sulphide  is  invariably  mixed  with  sulphur 
when  the  reduction  with  sulphurous  acid  has  been  omitted 
or  imperfectly  executed.  To  remove  this  impurity  pour 
carbon  disulphide  from  time  to  time  over  the  dried  pre- 
cipitate until  a  drop  of  the  filtrate  evaporated  upon  a 
watch-glass  does  not  leave  a  residue  of  sulphur.  When 
the  quantity  of  sulphur  is  large,  it  is  better  to  dissolve  it 
in  warm  sodium  sulphite.  Spread  out  the  filter  upon  a 
glass  plate,  wash  the  precipitate  into  a  porcelain  dish,  and 
then  digest  it  with  sodium  sulphite.  After  drying  the 
filter,  again  fold  it  and  filter  off  the  mercuric  sulphide, 
which  is  washed  with  cold  water  and  then  dried. 

This  method  is  not  applicable  in  the  presence  of  copper, 
because  the  sulphide  of  the  latter  is  with  difficulty  sepa- 
rated from  that  of  mercury.  In  this  case  mix  the  hydro- 
chloric acid  solution  with  an  excess  of  phosphorous  acid, 
which  will  reduce  mercuric  chloride  to  insoluble  mercurous 
chloride  (Hg^ClJ.  After  standing  twelve  hours  in  a 
moderately  warm  place,  bring  the  precipitate  upon  a  filter 
dried  at  100°  C;  wash  with  hot  water,  and  dry  at  the 
above  temperature  until  constant  weight  is  obtained. 

The  copper  is  determined  as  sulphide  in  the  filtrate 
(p.  50). 

The  filtrate  from  the  latter  contains  yet  the  remaining 
oxides,  the  separation  of  which  has  already  been  given  on 
page  71. 

If  the  estimation  of  mercury  in  any  of  its  ores  is  all 
that  is  desirable,  this  may  be  easily  accomplished  by  pre- 
cipitating it  in  metallic  form  by  means  of  stannous  chlo- 
ride. With  the  hydrochloric  acid  solution  absolutely  free 
from  nitric  acid,  mix  a  clear  solution  of  stannous  chloride 
(obtained  by  dissolving  tin  in  hydrochloric  acid)  in  excess, 
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and  heat  to  boiling.  By  this  process  we  Iiave  tlic  mercuric 
cliloriile  perfectly  reduced  to  the  metnUic  state,  and  stan- 
nic chloride  produced  at  the  same  time.  When  the  pre- 
cipitate has  perfectly  subsided,  decant  the  clear  supernatant 
liquid,  and  unite  the  globules  to  one  mass,  which  is  very 
easily  done  by  again  heating  the  residue  with  some  stan- 
nous chloride  and  a  few  drops  of  hydrochloric  acid.  Wash 
the  mercury  by  decantation  at  first  with  water  containing 
hydrochloric  acid,  and  finally  with  pure  water,  then  trans- 
fer it  to  a  tared  porcelain  crucible.  The  greater  portion 
of  the  water  adhering  to  the  metal  may  be  removed  with 
filter  paper.  The  crucible  is,  however,  placed  in  a  desic- 
cator containing  sulphuric  acid,  and  the  weight  of  the 
perfectly  dried  metal  determined. 

When  cinnabar  contains  considerable  quantities  of  other 
metallic  compounds,  it  is  by  far  advisable  to  effect  its  de- 
composition in  a  stream  of  chlorine  gas,  thus  causing  the 
volatilization  of  the  mercury  as  chloride,  and  determining 
it  in  the  receiver. 

Molybdenite. 

Composition — Molybdenum  sulphide. 

The  mineral  is  decomposed  precisely  as  lead  molybdate, 
viz.,  by  fusion  with  sodium  carbonate  and  sulphur.  Hy- 
drochloric acid  will  precipitate  the  molybdenum  sulphide 
from  the  aqueous  extract  of  the  fused  mass.  Determine 
it  according  to  page  188. 

When  other  metals  are  mixed  with  the  molybdenite, 
they  remain  as  sulphides  upon  dissolving  the  fused  mass 
in  water. 

Always  estimate  the  sulphur  in  a  second  portion  of  the 
substance,  fusing  it  with  a  mixture  of  sodium  carbonate 
and  potassium  chlorate  (p.  157). 
17 
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Bismuthinite. 

Composition  Bismuth  (copper,  lead,  gold,  tellurium, 

arsenic,  iron,  cobalt,  nickel),  sulphur. 

Digesting  with  concentrated  nitric  acid  will  perfectly 
decompose  the  mineral,  and  when  an  insoluble  residue 
remains,  fuse  it  with  potassium  hydrosulphate.  After 
driving  off  the  excess  of  nitric  acid  upon  a  water-bath, 
mix  hydrochloric  acid  with  the  solution,  and  upon  diluting 
this  with  a  large  quantity  of  water,  bismuth  oxychloride 
will  separate  out,  and  this  may  be  converted  into  metallic 
bismuth  by  pursuing  the  course  given  on  page  56. 

The  filtrate  contains  the  other  oxides.  To  estimate 
the  tellurium,  evaporate  the  nitric  acid,  dissolve  the  resi- 
due in  dilute  hydrochloric  acid,  and  separate  the  tellurium 
as  metal  by  heating  its  solution  with  sulphurous  acid  or 
potassium  hydrosulphite.  If  the  solution  was  dilute,  or 
very  small  quantities  of  tellurium  were  present,  to  render 
the  precipitation  complete,  the  liquid  should  be  allowed  to 
stand  for  several  days  in  a  warm  place.  The  separated 
tellurium  is  washed  by  decantation  with  sulphurous  acid, 
and  dried  upon  a  filter  dried  at  100°  C,  until  the  weight 
is  perfectly  constant. 

When  gold  is  present  in  the  bismuth  ore,  it  is  simulta- 
neously separated  with  the  tellurium.  The  weighed  pre- 
cipitate is  treated  with  nitric  acid,  which  will  cause  the 
solution  of  the  tellurium,  leaving  the  gold.  Or  both  metals 
are  dissolved  in  aqua  regia,  the  nitric  acid  removed  by 
evaporation,  and  the  hydrochloric  acid  solution  of  the 
residue  reduced  by  a  concentrated  solution  of  ferrous  sul- 
phate, which  will  throw  down  metallic  gold. 

The  separation  of  the  remaining  oxides  from  tellurium 
in  the  t^old  filtrate  may  be  found  in  what  precedes. 
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Uraninite. 
Pitch-blende. 

Composition  Uranium  protosesquioxide,  with  variable 

quantities  of  lead,  copper,  bismuth,  arsenic,  antimony, 
sulphur,  selenium,  vanadium,  iron,  manganese,  cobalt, 
nickel,  zinc,  calcium,  magnesia,  sodium,  carbon  dioxide, 
silicic  acid  and  water. 

It  has  been  recommended,  when  selenium  occurs  in 
this  mineral,  to  determine  it  by  heating  the  finely  pow- 
dered substance  in  a  current  of  chlorine  (p.  170),  causing 
the  volatilization  of  the  chlorides  of  bismuth,  arsenic,  anti- 
mony, sulphur  and  iron,  and  all  the  selenium.  When  the 
decomposition  is  complete,  the  liquid  contained  in  the 
receiver  is  warmed  gently  on  the  water-bath  to  expel  the 
chlorine,  and  the  selenium  precipitated  in  metallic  form 
by  reducing  the  solution  with  sulphui'ous  acid  or  potassium 
hydrosulphite.  The  course  of  procedure  is  analogous  to 
that  followed  in  the  determination  of  tellurium  in  the  pre- 
ceding example  (p.  194). 

The  vanadium,  too,  may  be  best  determined  in  a  sepa- 
rate portion  of  substance.  Fuse  the  powdered  substance 
in  a  silver  crucible  about  an  hour  with  an  equal  weight  of 
potassium  nitrate,  and  lixiviate  with  water,  which  will 
dissolve  all  the  vanadium  as  potassium  vanadate.  After 
neutralizing  this  liquid  with  nitric  acid  the  vanadium  is 
precipitated  by  the  addition  of  ammonium  chloride 
(p.  175). 

The  remaining  oxides  are  determined  by  digesting  the 
powdered  substance  with  nitric  acid.  If  a  residue  re- 
mains, this  is  decomposed  by  heating  it  with  a  mixture  of 
nitric  and  sulphuric  acids  and  filtering  off  the  silicic  acid. 
When  the  excess  of  acid  has  been  driven  away,  reduce 
the  arsenic  to  arscnious  acid,  and  precipitate  with  hydro- 
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gen  sulphide  the  metals  thrown  down  by  this  reagent. 
Arsenic  and  antimony  (selenium)  are  separated  by  treat- 
ing their  sidphides  with  ammonium  sulphide,  or,  when 
copper  is  present,  with  sodium  sulphide.  The  sidphides 
not  soluble  in  ammonium  sulphide  are  dissolved  in  nitric 
acid,  and  lead  and  bismuth  separated  according  to  the 
method  given  on  page  55.  The  filtrate  from  the  bismuth 
contains  the  copper  which  is  determined  as  sulphide  (p. 
50). 

The  filtrate  from  the  hydrogen  sulphide  precipitate 
neutralize  with  ammonium  hydrate,  carbonate  and  sul- 
phide, adding  the  first  in  excess  to  prevent  the  precipi- 
tation of  uranium  by  the  last.    Since,"  however,  when 
considerable  quantities  of  iron,  cobalt,  etc.,  are  present,  a 
portion  of  the  uranium  is  likely  to  remain  with  their 
sulphides,  dissolve  the  latter  in  Jiydrochloric  acid,  with 
addition  of  nitric  acid,  and  precipitate  ferric  and  uranic 
oxides  (with  small  quantities  of  cobalt  and  nickel)  by 
ammonium  hydrate.    It  is  necessary  to  redissolve  the 
precipitate  in  hydrochloric  acid  and  repeat  the  precipita- 
tion to  get  rid  of  the  co-precipitated  oxides.    To  separate 
the  iron  from  the  uranium,  ignite  the  dried  residue  in 
a  stream  of  hydrogen,  thus  reducing  the  iron  to  metal 
and  uranium  sesquioxide  to  protoxide.     Dilute  hydro- 
chloric acid  now  added  to  the  residue  will  perfectly  dis- 
solve the  iron.    The  uranium  oxide  (UO)  is  re-ignited  in 
a  current  of  hydrogen  and  weighed. 

The  principal  quantity  of  uranium  will  be  discovered 
in  the  ammonium  sulphide  solution  filtered  from  the  sul- 
phides. If  any  nickel  has  been  dissolved,  the  liquid  will 
possess  a  brown  color.  The  addition  of  a  few  drops  of 
mercurous  nitrate  to  it  will  clear  the  solution  (p.  166). 
Acidulate  the  liquid  with  hydrochloric  acid,  expel  the 
hydrogen  sulphide,  and  precipitate  the  uranium  in  the 
filtrat^  with  nitric  acid.    The  hydrated  uranic  oxide  thus 
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obtained  is  changed  by  ignition  in  a  ciirrenL  of  liycU-ogen 
to  nranons  oxide. 

The  cobalt,  nickel,  zinc,  mcanganese  and  calcium  are 
separated,  according  to  page  lO-i,  in  the  filtrate  from  the 
iron-uranium  precipitate. 

The  alkaline  earths  and  alkalies  are  in  part  contained 
in  the  filtrate  from  the  uranium  precipitate,  but  the 
greater  portion  of  the  calcium  will  be  found  in  that  from 
the  iron-uranium  precipitate. 

The  carbon  dioxide  and  sulphur  are  determined  in 
separate  portions,  the  first  according  to  page  33,  and  the 
sul])hur  after  page  133. 

If  upon  the  addition  of  hydrochloric  acid  to  the  mine- 
ral hydrogen  sulphide  be  disengaged,  the  method  of  esti- 
matino;  the  carbon  dioxide  must  be  somewhat  modified. 
(See  the  analysis  of  Soda.) 

Wolframite. 

Composition. — Tungstic  acid,  ferrous  oxide,  manganous 
oxide  (calcium  oxide  and  magnesia). 

The  mineral  is  only  with  difficulty  decomposed  by  acids, 
but  this  is  readily  remedied  by  fusing  it  with  four  times 
its  weight  of  potassium  or  sodium  carbonate.  The  aqueous 
extract  of  the  fused  mass  will  contain  all  the  wolfram  as 
potassium  (sodium)  tungstate.  The  oxides  of  iron  and 
manganese  remain  undissolved.  After  washing  they  are 
dissolved  in  hydrochloric  acid,  and  separated  as  hereto- 
fore directed  (p.  71). 

The  tungstic  acid  may  be  precipitated  as  such  from  an 
alkaline  solution,  or  as  tungstate  of  mercurous  oxide. 

To  separate  the  acid  as  such  from  an  alkaline  solution, 
supersaturate  the  latter  with  hydrochloric  acid,  evaporate 
to  dryness  upon  a  water-bath,  and  heat  the  residue  for 
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some  time  at  about  120°  C.  The  alkaline  cliloritles  are 
dissolved  in  water,  liydrocliloric  aeid  being  added,  and 
the  insoluble  tungstic  acid  being  filtered  off,  washed  with 
water  containing  hydrochloric  acid,  and  then  ignited  with 
air  access.  To  avoid  any  reduction  of  the  acid  by  the 
carbon  of  the  filter,  obtain  the  latter  as  free  as  possible 
from  the  precipitate,  and  after  moistening  it  with  a  few 
drops  of  ammonium  nitrate  and  drying,  incinerate  it  upon 
a  platinum  wire.  If  the  tungstic  acid  is  not  pure  yellow 
in  color,  it  is  moistened  with  a  few  drops  of  nitric  acid, 
and  the  ignition  in  an  open  tube  repeated. 

To  determine  the  tungstic  acid  as  tungstate  of  mercurous 
oxide,  neutralize  the  liquid  with  dilute  nitric  acid  to  slight 
acid  reaction,  drive  out  the  absorbed  carbon  dioxide  by 
heat,  and  add  then  a  sufacient  quantity  of  mercurous  ni- 
trate. Ammonium  hydrate  is  now  added,  drop  by  drop, 
until  the  precipitate  assumes  a  brown  color,  and  it  has 
subsided ;  filter  and  wash  it  perfectly  with  water  containing 
mercurous  nitrate.  After  ignition  with  access  of  air,  the 
residue  is  tungstic  acid  (WO3). 


Scheelite. 


Composition  Calcium  tungstate,  frequently  also  small 

quantities  of  magnesia  and  cupric  oxide. 

Scheelite  is  completely  decomposed  either  by  hydro- 
chloric or  nitric  acid.  The  solution  is  evaporated  to  dry- 
ness, the  residue  heated  to  120°  C,  and  hydrochloric  acid 
poured  over  it.  The  insoluble  tungstic  acid  is  determined 
as  in  the  preceding  example. 

In  the  filtrate  from  the  above  the  calcium  and  magne- 
sium are  estimated  in  the  usual  manner. 

The  cupric  oxide  may  be  precipitated  by  hydrogen  sul- 
phide. 
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Refined  (Soft)  Lead. 

Composition  Lead,  with  small  quantities  of  silver, 

copper,  bismuth,  antimony  (arsenic),  cadmium,  iron,  zinc, 
nickel  (cobalt,  manganese). 

Take  for  the  analysis  200-500  gi-ms.  of  lead,  according 
to  its  purity,  200  grms.  usually  being  sutRcient.  After 
cleaning  the  lead,  hammer  it  out,  upon  a  steel  anvil,  into 
a  thin  plate  of  0.05  Cm.  thickness,  and  divide  it  into 
pieces  of  about  2  or  3  Cm.  length.  These  are  introduced 
into  a  flask,  and  250  C.  C.  of  concentrated  nitric  acid  of 
sp.  gr.  1.4  poured  over  them,  and  the  whole  diluted  with 
500  or  600  C.  C.  distilled  water.  The  solution  will  be  con- 
siderably hastened  by  warming  the  flask  and  its  contents 
upon  a  water-  or  sand-bath.  When  the  evolution  of  the 
gas  is  too  violent,  remove  the  flask  for  a  short  time ;  not 
long  enough,  however,  to  cool  the  liquid  suflSciently  to 
cause  the  separation  of  lead  nitrate. 

The  solution  is  generally  complete  and  perfectly  clear 
after  three  hours,  providing  the  quantity  of  antimony  in 
the  lead  does  not  exceed  .02  or  .03  per  cent.  When  lead 
antimoniate  separates  from  the  solution,  filter  the  liquid 
and  wash  the  residue  completely  with  water.  Mention  will 
hereafter  be  made  for  the  further  treatment  of  the  residue. 
The  nitric  acid  solution  is  brought  into  a  2  litre  flask, 
provided  with  a  mark,  and  170  C.  C.  dilute  sulphuric  acid 
(1  part  concentrated  H^SO^  and  2  parts  water)  added, 
which  will  produce  a  precipitation  of  the  lead  sulphate. 
Add  water  to  the  mark.  Shake  the  flask  well  and  allow 
the  precipitate  to  subside,  then  remove  the  principal  por- 
tion of  the  supernatant  liquid  with  a  siphon  filled  with 
the  same  liquid,  without  carrying  away  any  lead  sulphate. 
1750  C.  C.  of  the  clear  liquid  are  evaporated  to  dryness, 
and  the  residue  ignited,  until  white  vapors  of  sulphuric 
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acid  hydrate  appear.  AVlien  cool,  add  50  or  GO  C.  C.  of 
"water  and  filter  off  the  slight  quantity  of  lead  sulphate 
that  may  have  separated.  As  it  may  very  probably  con- 
tain a  small  quantity  of  antimony,  dissolve  it  in  hydro- 
chloric acid  and  precipitate  it  with  hydrogen  sulphide. 
The  antimony  sulphide  is  separated  i'rom  the  lead  by 
treating  the  precipitate  with  ammonium  sulphide,  and 
adding  hydrochloric  acid  to  this  filtered  solution  (p.  52). 
The  acidified  liquid  is  in  the  mean  time  preserved. 
Conduct  a  stream  of  hydrogen  sulphide  into  the  fil- 
trate from  the  lead  sulphate,  maintaining,  during  the 
operation,  a  temperature  of  about  70°  C.  to  facilitate  the 
reduction  of  arsenic  to  arsenious  acid.  When  the  pre- 
cipitate has  fully  subsided,  filter  it  off  and  digest  it  with  a 
solution  of  potassium  or  sodium  sulphide,  and  precipitate 
again  the  sulphides  of  arsenic  and  antimony  in  the  solu- 
tion by  the  addition  of  hydrochloric  acid.  This  precipi- 
tate is  combined  with  the  antimony  sulphide  obtained 
above,  washed  with  water,  and  the  adherent  sulphur  re- 
moved by  carbon  disulphide,  after  drying  the  filter  or 
substituting  alcohol  for  water  in  washing. 

If  lead  antimoniate  remained  when  the  lead  was  dis- 
solved in  nitric  acid,  dissolve  it  in  hydrochloric  acid  with 
addition  of  tartaric  acid,  and  add  hydrogen  sulphide. 
The  antimony  (arsenic)  sulphide  thus  obtained  can  be 
brought  upon  the  same  filter  with  the  sulphides  obtained 
by  precipitation  with  potassium  or  sodium  sulphide. 

The  dry  filter  is  placed  in  a  rather  large  porcelain  cru- 
cible, and  fuming  nitric  acid  poured  upon  it.  When  the 
fibres  of  the  paper  have  been  perfectly  destroyed,  and  the 
greater  portion  of  the  nitric  acid  removed  by  evaporation, 
dilute  with  water,  and  add  in  excess  sodium  carbonate 
and  some  nitrate.  After  evaporation  the  residue  is  fused 
and  heat  applied,  until  the  fused  mass  becomes  perfectly 
white.    Lixiviate  the  cooled  residue  and  wash  the  insolu- 
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ble  sodium  antinionisite  first  with  water  and  tlxMi  witli 
alcohol.  Dissolve  the  residue  in  hydrochloric  and  tartaric 
acids,  and  precipitate  the  antimony  with  hydrogen  sul- 
phide. 

The  filtrate  from  the  sodium  antimoniate  contains  so- 
dium arseniate  and  some  antimony.  Expel  the  alcohol 
and  acidify  the  solution  with  dilute  sulphuric  acid,  evapo- 
rating the  nitric  acid  and  precipitating  the  arsenic  and 
antimony  with  hydrogen  sulphide.  (See  above.)  Pour 
over  the  washed  sulphides  on  the  filter  a  cold,  concentrated 
ammonium  carbonate  solution,  dissolving  by  this  means 
the  arsenic  tersulphide,  and  leaving  the  antimony.  For 
the  complete  removal  of  the  arsenic,  repeat  the  operation 
several  times,  employing  small  quantities  of  an  ammonium 
carbonate  solution.  The  addition  of  hydrochloric  acid  to 
the  filtrate  will  reprecipitate  the  arsenic.  After  driving 
away  the  carbon  dioxide  by  the  application  of  heat,  add 
more  hydrogen  sulphide,  bring  the  precipitate  upon  a 
weighed  filter,  and  dry  it  at  100°  C. 

The  two  precipitates  of  antimony  tersulphide  are  filtered 
and  washed.  Fresenius  suggests  that  in  this  case  the  fil- 
tering be  done  through  a  small  glass  tube,  draw^n  out  at 
the  lower  end,  and  above  the  contraction  fitted  loosely 
with  asbestos.  The  tube  is  dried  and  then  w^eighed. 
When  the  antimony  sulphide  has  been  washed,  and  the 
tube  dried,  a  stream  of  carbon  dioxide  is  conducted  through 
it,  the  antimony  being  heated  until  it  becomes  black,  when 
the  carbon  dioxide  is  replaced  by  air  and  the  tube  again 
weighed. 

Or,  the  antimony  sulphide  is  transferred  to  a  small  fil- 
ter, washed  wi^h  water  containing  hydrogen  sulphide  and 
ammonium  nitrate,  and  then  a  small  quantity  of  a  warm, 
ammonium  sulphide  solution  poured  over  it.  This  liquid  is 
allowed  to  flow  into  a  weighed  porcelain  crucible,  the  filter 
washed  with  water  and  the  solution  then  evaporated  upon 
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ix  \viiter-I)!i,th.  By  digesting  the  residuiil  antimony  sulphide 
with  nitric  acid,  it  is  readily  converted  into  antimoniate 
of  antimonic  oxide.    (See  p.  53.) 

The  results  prove  fully  as  accurate  if  the  tersulphide  of 
antimony  is  determined  volumetrically  (p.  179). 

Instead  of  separating  arsenic  and  antimony  according 
to  the  above-mentioned  method,  their  sulphides  may  be 
dissolved  in  hydrochloric  acid  with  addition  of  potassium 
chloi'ate,  and  the  arsenic  acid,  then  precipitated  after  the 
addition  of  tartaric  acid,  as  ammonium  magnesia  arseniate 
(p.  69).  The  antimony  in  the  filtrate  is  thrown  down 
with  hydrogen  sulphide,  and  determined  as  above. 

The  copper,  cadmium,  etc.,  sulphides,  insoluble  in  po- 
tassium sulphide,  are  dissolved  in  dilute  nitric  acid  (1 
part  HNO3,  sp.  gr.  1.2,  and  2  parts  H^O),  and  the  solution 
then  evaporated  with  dilute  sulphuric  acid,  until  the  white 
vapors  of  the  latter  appear.  If  any  lead  sulphate  remains 
upon  treating  the  residue  with  water,  filter  it  off  and 
wash  it  with  water  containing  sulphuric  acid. 

For  the  separation  of  the  bismuth  from  the  other  metals, 
neutralize  the  liquid  with  sodium  carbonate — the  solution 
must,  however,  react  acid — add  some  potassium  cyanide, 
and  heat  gently  upon  a  water-bath.  Wash  the  potassium 
bismuth  cyanide,  and  dissolve  it  in  nitric  acid,  precipi- 
tating the  bismuth  as  carbonate.  For  this  purpose  mix 
the  solution  with  a  slight  excess  of  ammonium  carbonate, 
and  heat  it  for  some  time  to  boiling.  The  bismuth  car- 
bonate is  filtered,  washed  and  ignited.  The  residue  is 
bismuth  oxide  (Bi^Og). 

To  the  filtrate  from  the  potassium  bismuth  cyanide  add 
more  potassium  cyanide  to  prevent  the  precipitation  of  the 
copper,  and  mix  in  sodium  or  potassium  sulphide.  The 
precipitate  of  silver  and  cadmium  sulphide  is  washed  per- 
fectly with  water,  and  then  dissolved  in  dilute  nitric  acid. 
On  the  addition  of  a  few  drops  of  hydrochloric  acid  to  the 
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liquid,  the  silver  will  be  completely  precipitated  (p.  47).* 
Concentrate  the  filtrate  and  precipitate  the  cadmium  as 
cai'bonate  (p.  G4). 

The  copper  is  present  in  the  filtrate  from  the  silver  and 
cadmium  sulphides.  This  is  slightly  acidified  with  hydro- 
chloric acid,  heated  until  the  odor  of  hydrocyanic  acid  has 
disappeared,  and  the  copper  then  precipitated  by  hydrogen 
sulphide  (p.  48). 

The  original  filtrate  from  the  hydrogen  sulphide  pre- 
cipitate, containing  zinc,  iron,  etc.,  is  mixed  with  ammo- 
nium hydrate  and  sulphide,  and  the  sulphides  obtained 
filtered  off".  Should  any  nickel  sulphide  pass  into  solution, 
which  is  most  generally  the  case,  separate  it  again  by  the 
method  described  on  page  166. 

By  treating  the  sulphides  directly  upon  the  filter  with 
hydrochloric  acid  and  hydrogen  sulphide  water  (see  p. 
304),  iron,  zinc  and  manganese  will  be  dissolved.  The 
sulphides  of  nickel  and  cobalt  constitute  the  residue.  Oxi- 
dize the  solution  with  nitric  acid,  and  separate  the  iron 
and  zinc  by  repeated  precipitation  with  ammonium  hydrate 
(p.  109).    The  ferric  oxide  is  ignited  and  weighed. 

Acidify  the  filtrate  from  the  ferric  oxide  with  acetic 
acid,  and  precipitate  the  zinc  with  hydrogen  sulphide  (p. 
19).  After  the  solution  has  stood  twenty -fovir  hours, 
filter  off  the  precipitate  and  weigh  it. 

Concentrate  the  filtrate  from  the  zinc  precipitate  by 
evaporation,  and  mix  it  with  ammonium  hydrate  and  sul- 
phide.   When  the  manganese  sulphide  has  stood  twenty- 

*  The  quantity  of  silver  is  most  accurately  ascertained  by  re- 
fininw  50  nrms.  of  lead.  For  a  gravimetric  determination,  dis- 
solve  200  grms.  of  the  lead  in  nitric  acid,  and  dilute  this  solution 
strongly  with  water.  Add  to  this  a  few  drops  of  dilute  hydro- 
chloric acid,  and  filter  after  the  precipitate  of  silver  chloride  has 
fully  subsided.  By  ignition  in  a  current  of  hydrogen  gas,  this 
is  converted  into  metallic  silver. 
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four  hours,  filter  it  off  and  determine  it  as  mentioned  on 
page  21. 

The  sulphides  of  nickel  and  cobalt,  insoluble  in  dilute 
hydrochloric  acid,  are  dissolved  by  it  upon  addition  of  a 
few  drops  of  nitric  acid,  and  the  solution  evaporated  almost 
to  dryness,  and  mixed  with  ammonium  hydrate  to  distinct 
alkaline  reaction.  If  tliis  produces  a  slight  precipitation, 
filter  this,  and  in  the  filtrate  throw  down  the  cobalt  and 
nickel  by  boiling  with  sodium  hydrate.    (See  p.  166.) 

In  the  calculation  of  the  analysis,  the  space  occupied  by 
the  lead  sulphate  must  be  regarded.  100  grms.  lead  con- 
verted in  sulphate  occupy  23  C.  C,  200  grms.  46  C.  C. 
Therefore,  when  calculating,  the  1750  C.  C.  are  not  to 
be  referred  to  the  2000  C.C.,butto  2000— 46=1954  C.  C. 
or  to  179.12  grms.  soft  lead. 

The  analysis  of  "  work  lead"  may  be  similarly  executed. 
10  or  15  grms.  substance  are  sufficient  for  this  purpose. 
"When  sulphur  is  a  constituent  of  the  lead,  it  is  determined 
according  to  page  134. 

Hard  Lead. 

In  analyzing  this  substance  the  determination  of  the  an- 
timony is  most  frequently  required.  The  following  method 
may  therefore  be  used :  Reduce  the  lead  to  a  fine  state, 
and  fuse  2  grms.  of  it,  in  a  porcelain  crucible,  with  four 
times  its  quantity  of  a  mixture  of  sulphur  and  soda.  The 
fused  mass  is  boiled  with  water,  and  when  the  residue  has 
subsided  the  supernatant  liquid  is  poured  into  a  flask  of 
250  C.  C.  capacity.  After  digesting  the  residue  with  so- 
dium or  potassium  sulphide,  bring  this  liquid  into  the 
same  receptacle  and  dilute  up  to  the  mark.  100  C.  C.  of 
the  sodium  sulphide  solution  passed  through  a  weighed 
filter  are  precipitated  with  dilute  sulphuric  acid,  and  after 
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Avasliing  and  drying  the  precipitute  it  is  freed  from  the 
excess  of  sulphur  by  pouring  carbon  disulphide  over  it. 
The  antimony  sulphide  is  dissolved  in  strong  hydrochloric 
acid  with  addition  of  tartaric  acid,  and  sodium  hydro- 
carbonate  mixed  with  it.  Add  starch-paste  to  the  solu- 
tion, and  titrate  it  with  an  iodine  solution.  For  the  rest, 
see  page  179. 

Tlie  metals  occurring  in  Hard  Lead,  which  are  not 
dissolved  when  the  fused  mass  is  treated  as  directed,  are 
determined  according  to  already  known  methods.  Or, 
another  portion  of  the  substance  may  be  dissolved  in 
nitric  acid,  and  the  analysis  executed  similarly  to  that  of 
Soft  Lead. 

Antimony.* 

The  investigation  of  metallic  antimony  may  be  made 
according  to  the  method  employed  in  the  above  analysis 
of  Hard  Lead.  After  fusion  with  soda  and  sulphur,  and 
treating  the  fused  mass  with  water,  the  residue  will  con- 
sist of  the  sulphides  of  lead,  cadmium,  copper,  bismuth, 
iron,  nickel,  manganese  and  zinc,  whilst  in  the  solution 
are  antimony,  tin  and  arsenic.  These  latter  substances 
may  be  separated  as  directed  in  the  method  described  on 
page  66. 

Estimate  the  sulphur  after  page  134.  Use  a  mixture 
of  hydrochloric  and  tartaric  acids  to  effect  the  decomposi- 
tion. 

Zinc  (Spelter). 

It  contains  between  0.5  and  2  per  cent,  lead;  also  iron, 
cadmium,  arsenic,  and  sometimes  antimony,  manganese, 
copper,  tin  and  sulphur. 

*  The  antimony  in  antimony  slags  is  estimated  as  directed  in 
the  analysis  of  Hard  Lead. 
18 
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A  piece  of  zinc,  weighing  from  50  to  100  grms.,  is  sus- 
pended by  a  platinum  wire,  in  a  rather  large  beaker,  filled 
to  one  fourth  its  volume  with  dilute  sulphuric  acid,  so  that 
the  piece  of  zinc  will  be  immersed  about  one-half  in  the 
liquid.    After  dissolving  a  sufficient  quantity  of  the  metal, 
filter  the  liquid  rapidly  through  a  folded  filter,  afterwards 
washing  it.    By  this  means  a  solution  of  pure  zinc  sul- 
phate may  be  obtained;  because,  as  long  as  zinc  is 
present,  none  of  the  other  metals  will  be  dissolved  in  sul- 
phuric acid.    The  impurities  will  be  partly  deposited 
upon  the  zinc,  or  remain  upon  the  filter.    The  insoluble 
zinc  is  freed  from  the  spongy  deposit,  rinsed  with  water, 
dried  and  weighed.    The  portion  of  zinc  in  solution  is 
represented  by  the  difference  in  the  weight. 

Digest  the  spongy  deposit  and  the  residue,  upon  the 
filter ,°with  nitric  acid,  and  evaporate  to  dryness.  Treat 
the  residue  with  dilute  nitric  acid,  when  any  tin  that  may 
be  present  will  remain  undissolved  as  oxide,  together  with 
antimonic  oxide,  silica  and  carbon.    The  filtered  precipi- 
tate is  washed  well,  and  after  the  incineration  of  the 
filter,  fused  in  a  silver  crucible,  with  sodium  hydrate. 
Antimony  and  tin  are  separated  as  directed  on  page  65. 
It  is  always  best,  when  silica  and  carbon  are  present,  to 
determine  them  in  a  separate  portion  of  the  substance, 
dissolved  in  nitric  acid.    The  liquid  is  evaporated  to  dry- 
ness and  the  residue  warmed  with  dilute  hydrochloric 
acid',  leaving  undissolved  the  carbon  and  silicic  acid.  De- 
termine the  carbon  by  burning  it  in  a  current  of  oxygen 
gas,  and  weigh  the  residual  silicic  acid  in  the  porcelain 
boat.    The  purity  of  the  silicic  acid  thus  obtained  must 

always  be  tested.  .  ,  ,  j 

Treat  the  filtrate  from  the  oxide  of  tin  with  hydrogen 
sulphide,  heating  it  at  the  same  time  to  about  70°  C,  and 
dio-est  the  sulphides  with  potassium  sulphide. 
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The  arsenic  and  antimony  should  always  be  determined 
in  a  separate  portion  of  the  substance  (see  below),  because, 
in  dissolving  the  metal,  they  partially  escape  as  hydrogen 
compounds. 

The  sulphides  not  soluble  in  potassium  sulphide  are 
dissolved  in  nitric  acid,  and  this  solution  evaporated  to 
dryness,  with  addition  of  dilute  sulphuric  acid.  The  resi- 
due is  taken  up  with  water  and  alcohol,  and  the  lead  sul- 
phate washed  with  dilute  alcohol  (p.  49). 

Expel  the  alcohol  first  from  the  filtrate  from  the  lead 
sidphate,  then  add  ammonium  and  ammonium  carbonate, 
and  after  protracted  heating,  filter  off  the  cadmium  car- 
bonate. The  latter  is  again  dissolved  in  hydrochloric 
acid,  and  the  precipitation  repeated.  The  ignited  precipi- 
tate is  cadmium  oxide  (p.  64). 

Precipitate  the  copper  with  hydrogen  sulphide,  after 
having  acidulated  the  liquid  with  hydrochloric  acid. 

To  the  filtrate  from  the  copper  sulphide,  add  ammonium 
and  ammonium  sulphide,  separating  the  sulphides  pro- 
duced as  in  the  analysis  of  Soft  Lead. 

For  the  determination  of  the  antimony  and  arsenic,  dis- 
solve 25  to  50  grms.  of  zinc  in  aqua  regia,  evaporating 
the  excess  of  acid,  and  precipitating  the  metals  as  sul- 
phides. The  process  described  on  page  165  may  be  used 
in  their  separation.  When  tin  is  present,  it  will  occur 
with  these,  and  the  method  of  separation  described  on 
page  66  must  then  be  employed. 

If  the  zinc,  when  treated  with  sulphuric  acid,  liberates 
hydrogen  sulphide,  ascertained  by  conducting  the  gas 
stream  into  an  alkaline  solution  of  lead,  the  sulphur  may 
be  determined  as  in  Ultramarine. 
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Black  or  Raw  Copper. 

Composition  Copper,  iron,  lead,  silver,  arsenic,  anti- 
mony, bismuth,  zinc,  nickel,  cobalt,  calcium,  magnesium 
and  sulphur. 

Dissolve  about  10  grms.  of  the  substance  in  dilute  nitric 
acid,  and  evaporate  the  solution  to  dryness,  with  addition 
of  dilute  sulphuric  acid.    Upon  the  residue  pour  sufficient 
■water  to  dissolve  the  copper  sulphate,  then  add  alcohol. 
When  too  much  of  the  latter  is  present,  crystals  of  copper 
sulphate  separate  out  and  are  with  difficulty  redissolved. 
It  is,  therefore,  advisable  to  wash  the  insoluble  lead  sul- 
phate at  first  with  water  containing  sulphuric  acid,  and 
use  alcohol  after  almost  all  the  sulphate  has  passed  into 
the  filtrate.    Supersaturate  the  latter  with  hydrogen  sul- 
phide, whilst  the  temperature  of  it  is  retained  at  about 
70°  C.    Tlie  arsenic  and  antimony  are  dissolved  when 
the  sulphides  are  digested  with  potjvssium  or  sodium  sul- 
phide, and  may  be  separated  by  already  known  methods 
(p.  165). 

Dissolve  the  sulphides  insoluble  in  potassium  sulphide 
in  nitric  acid,  and  evaporate  the  solution  to  dryness. 
Treat  the  residue  with  water  and  a  few  drops  of  hydro- 
chloric acid,  which  wiU  dissolve  the  copper  and  bismuth 
and  leave  the  silver  chloride. 

To  determine  the  silver  quantitatively,  use  the  solution 
of  .a  larger  quantity  of  copper,  and  proceed  as  given  on 
page  203. 

In  the  filtrate  from  the  silver  chloride,  precipitate  the 
bismuth  as  oxychloride  (p.  58). 

The  quantity  of  copper  is  found  by  diffisrence.  To  de- 
termine it  directly,  reduce  the  filtrate  to  a  definite  volume, 
and  precipitate  an  aliquot  part  with  hydrogen  sulphide. 
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Neutralize  the  filtrate  with  ammonium  hydrate,  and  add 
ammonium  sulphide  to  effect  the  precipitation  of  the  zinc, 
nickel,  etc.    Separate  them  as  heretofore. 

The  calcium  and  magnesium  are  in  the  ammonium 
sulphide  filtrate,  and  for  its  further  treatment  to  separate 
the  metals  see  page  74. 

The  sulphur  may  be  estimated  by  precipitating  the 
nitric  acid  solution  of  the  substance  with  barium  chloride, 
or,  what  is  decidedly  preferable,  according  to  the  method 
given  on  page  134.  In  the  latter  instance,  fuming  hydro- 
chloric acid  is  used  to  dissolve  the  copper. 

Refined  Copper. 

Composition.  —  Contains,  besides  the  constituents  of 
the  preceding  example  (however  in  smaller  quantities), 
cuprous  oxide  and  crystallized  nickelous  oxide. 

For  the  determination  of  the  coarse  copper  constituents, 
refer  to  the  preceding  example.  Estimate  the  cuprous 
oxide  by  igniting  a  weighed  portion  of  the  copper  in  a 
stream  of  hydrogen  gas,  causing  by  this  means  a  reduction 
to  metallic  copper.  The  cuprous  oxide  may  be  easily  de- 
termined from  the  loss  in  weight.  This  method,  however, 
is  only  applicable  when  the  metal  does  not  contain  any 
sulphur,  arsenic,  or  antimony.  When  free  from  the  latter 
two,  and  containing  sulphur,  the  method  may  still  be  em- 
ployed, if  the  substance  is  weighed  off  in  a  porcelain  boat 
and  the  latter  placed  in  a  tube  of  similar  material.  Con- 
nect the  one  end  of  the  tube  with  an  hydrogen  generator, 
and  the  other  with  an  absorption  apparatus  containing 
bromine  dissolved  in  hydrochloric  acid  (p.  134).  After 
the  decomposition  is  complete,  estimate  the  sulphuric 
acid,  and  the  quantity  of  sulphur  corresponding  to  this 
is  deducted  from  the  loss  in  weight. 

18* 
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Another  method,  that  of  Aubel,  is  based  upon  the  fact 
that,  upon  the  one  hand,  cuprous  oxide  and  sulphuric 
acid  yield  copper  and  copper  sulphate,  while  copper  and 
silver  sulphate  replace  each  other  to  silver  and  copper 
sulphate : — 

Cu.p  4-  H,SO,  =  Cu  +  CuSO,  +  H^. 

Cu  -}-  Ag,SO,  =  CuSO,  +  Ag,. 
216  parts  of  separated  silver,  therefore,  correspond  to  142 
parts  cuprous  oxide. 

According  to  Aubel,  0.5  grm.  finely  filed  copper  is 
mixed  with  2.6  grms.  silver  sulphate  and  15  C.  C.  sul- 
phuric acid  of  1.13  sp.  gr.  added.  The  whole  is  allowed 
to  stand  eight  hours  in  a  warm  place,  and  frequently 
stirred.  When  the  decomposition  is  complete,  wash  the 
metallic  silver,  ignite  and  weigh. 


Tin. 

The  most  common  impurities  are  copper,  lead,  bismuth, 
iron,  zinc,  arsenic  and  antimony. 

After  oxidizing  the  metal  with  dilute  nitric  acid,  and 
evaporating  the  excess  of  the  latter,  all  the  tin  will  remain 
as  oxide.  This,  however,  invariably  contains  weighable 
quantities  of  the  other  metals,  particularly  copper,  lead 
and  antimony.  By  fusing  the  washed  residue  with  sul- 
phur and  soda  (p.  54),  and  lixiviating  with  water,  the 
first  two  metals  remain  as  sulphides.  The  tin  and  anti- 
mony are  in  solution.  These  are  reprecipitated  as  sul- 
phides upon  the  addition  of  hydrochloric  acid  to  the  solu- 
tion; they  are  separated  according  to  page  54. 

The  sulphides  not  soluble  in  sodium  sulphide  are  dis- 
solved in  nitric  acid  and  added  to  the  principal  solution. 

The  course  of  analysis  follows  from  the  preceding  exam 
pies. 
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Bismuth. 

Composition. — Lead,  silver,  copper,  arsenic,  iron,  co- 
balt, nickel  and  sulphur. 

A  rather  large  quantity  of  the  metal  is  dissolved  in  di- 
lute nitric  acid,  the  excess  of  the  latter  evaporated,  and 
the  small  quantity  of  silver  present  precipitated  by  hydro- 
chloric acid.  Add  enough  of  the  latter  so  that  upon  sub- 
sequent dilution  with  water,  bismuth  oxychloride  will  not 
be  precipitated. 

In  the  filtrate  determine  the  bismuth  as  on  page  58. 

The  filtrate  contains  the  remaining  bases,  which  are 
separated  according  to  known  methods. 

Silver. 

This  generally  contains  traces  of  gold,  lead,  copper,  an- 
timony and  arsenic. 

To  determine  the  quantity  of  gold  present,  dissolve  25 
to  50  grms.  of  the  substance  in  dilute  nitric  acid,  free 
from  chlorine,  and  proceed  as  given  in  the  analysis  of 
Galenite  on  page  187. 

Cubical  Nickel. 

Composition  Copper,  arsenic,  antimony,  iron,  cobalt, 

sulphur  (carbon)  and  silicic  acid. 

For  the  method  of  analysis,  refer  to  Nickel  Matte,  on 
page  164. 
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Cast  Iron. 
Steel. 

In  makinj?  a  complete  analysis  of  the  same,  we  have  to 
consider:  iron,  manganese,  copper,  zinc,  cobalt,  nickel, 
chromium,  aluminum,  titanium,  antimony,  arsenic,  cal- 
cium, magnesium,  silica,  phosphorus,  sulphur,  carbon, 
the  latter  partly  chemically  united  and  partly  present  as 
graphite. 

Estimation  of  Iron,  Manganese,  Aluminum,  Zinc,  Co- 
halt,  Nickel,  Chromium,  Titanium,  Calcium,  Magnesium 

and  Silicon  About  10  grms.  of  iron  dust  or  borings  are 

placed  in  a  large  platinum  or  a  good  porcelain  dish,  dis- 
solved in  hydrochloric  acid,  and  the  solution  evaporated 
to  dryness  upon  a  water-bath.  Moisten  the  residue  with 
hydrochloric  acid,  add  water  and  filter  off  the  insoluble 
portion.  The  residue  contains,  besides  the  silica,  the 
graphite  present  in  the  iron,  iron  phosphate,  iron  titanite, 
chromic  and  carburetted  iron.  Dry  the  precipitate,  ignite 
it,  together  with  the  filter,  in  a  porcelain  crucible,  and 
fuse  it  with  an  equal  weight  of  a  mixture  of  equal  parts 
soda  and  saltpetre.* 

Remove  the  residue  from  the  crucible  with  water,!  dis- 
solve it  in  hydrochloric  acid,  and  separate  the  silicic  acid 
by  evaporating  the  liquid  to  dryness.  (See  p.  143.)  Dis- 
solve the  residue  in  dilute  hydrochloric  acid,  filter  off  the 
silica,  and  add  the  filtrate  to  the  principal  solution,  this 


*  Iron  samples,  which  do  not  contain  any  graphite  (Spiegel- 
eisen), and  when  dissolved  leave  a  very  slightly  colored  residue, 
may  be  fused  with  potassium  hydrosulphate. 

f  If  the  fused  mass  is  treated  directly  with  hydrochloric  acid 
in  the  platinum  crucible,  there  can  (as  potassium  nitrite  is 
generally  present  in  the  residue)  considerable  quantities  of 
platinum  chloride  be  dissolved. 
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bein'T  then  rediiecfl  to  ix  (letiiiit(i  volume  (about  500  C.  C'.). 
Examine  tlie  silica  for  titanic  acid  (p.  125). 

Tlie  hydrochloric  acid  solution  not  only  contains  the 
metals,  but  also  the  silicic  and  titanic  acid  that  remain. 
The  estimation  of  tlie  latter  may  be  united  with  that  of 
aluminum  and  chromium.  For  this  purpose  an  aliquot 
portion  (about  200  C.  C.)  of  the  solution  is  oxidized  with 
nitric  acid  or  potassium  chlorate  and  precipitated  with 
ammonium  hydrate  (best  in  a  platinum  or  porcelain  dish). 
Heat  the  liquid  until  the  odor  of  ammonia  is  only  faintly 
perceptible.  Filter  off  the  precipitate  (containing  ferric 
oxide,  alumina,  chromium,  silicic,  phosphoric  and  titanic 
acids),  and  fuse  it  in  a  platinum  crucible  with  potassium 
hydrosulphate.  Lixiviate  the  fused  mass  with  cold  water, 
filtering  off  the  silicic  acid,  and  separating  the  titanic  acid 
according  to  the  method  described  on  page  125. 

To  separate  the  ferric  oxide  from  aluminum  and 
chromium,  mix  the  filtrate  from  the  titanic  acid  with  suf- 
ficient tartaric  acid,  so  that,  upon  the  addition  of  ammo- 
nium hydrate  to  alkaline  reaction  to  the  solution,  no  pre- 
cipitate is  produced ;  then  throw  down  the  iron  in  a  closed 
flask  with  ammonium  sulphide.  The  iron  sulphide  is  not 
filtei-ed  until  the  supernatant  liquid  appears  of  a  pure  yel- 
low color.  The  filtrate  contains  the  aluminum,  chromium 
and  any  phosphoric  acid  that  may  be  present.  Evaporate 
this  to  dryness,  adding  sodium  carbonate  and  potassium 
chlorate,  and  ignite  the  residue  to  oxidize  the  carbon, 
with  addition  of  ammonium  sulphate  or  nitrate.  (See  p. 
156.)  Dissolve  the  residue  in  hydrochloric  acid,  and  add 
sodium  carbonate  to  precipitate  the  oxides  of  aluminum 
and  chromium  (together  with  phosphoric  acid).  By  add- 
ing enough  bromine  water  to  the  liquid,  and  warming, 
chromic  acid  will  pass  into  solution,  and  may  be  deter- 
mined as  barium  Chromate  according  to  the  method  given 
on  page  89. 
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The  aluminum  precipittite  contains  the  phosphoric  acid. 
Wusli  well  with  liot  water,  ignite  and  weigh.  Dissolve 
the  residue  in  nitric  acid,  precipitating  the  phosphoric 
acid  with  ammonium  molybdate  (p.  25),  and  deducting 
its  amount  from  the  first  precipitate. 

To  determine  the  manganese  and  zinc,  oxidize  an  aliquot 
portion  of  the  hydrochloric  acid  solution  (about  250  C.  C.) 
witli  nitric  acid  or  potassium  chlorate,  and  separate  the 
ferric  oxide  and  aluminum  from  manganese  and  zinc,  after 
previous  addition  of  an  excess  of  aluminum  chloride,  by 
means  of  ammonium  hydrate  and  carbonate  (p.  72).* 

As  the  solution  contains  a  large  quantity  of  iron  com- 
pared with  manganese,  its  precipitation  must  occur  in  an 
exceedingly  dilute  liquid,  and  the  maximum  quantity  of 
ferric  oxide  in  one  litre  of  the  liquid  should  not  exceed 
3.5  grms.  The  precipitate  of  ferric  hydrate  is  washed  by 
decantation  with  hot  water,  a  small  quantity  of  ammonium 
hydrate  being  finally  added.  The  filtrate  is  concentrated 
by  evaporation,  and  the  slight  quantity  of  aluminum  (fer- 
ric oxide)  that  has  been  dissolved  precipitated  by  ammo- 
nium hydrate.  The  filtered  precipitate  is  again  dissolved 
in  hydrochloric  acid,  and  the  precipitation  with  ammonium 
hydrate  repeated.  Put  the  filtrate  into  a  flask  that  can 
be  closed,  mix  with  it  yellow  ammonium  sulphide  (see  p. 

73  ^remark)  in  slight  excess,  and  permit  the  whole  to 

stand  until  the  precipitate  thus  formed  has  fully  subsided, 
when  it  is  filtered.  Wash  the  precipitate  perfectly  with 
water  containing  hydrogen  sulphide,  to  which  a  little  am- 
monium chloride  has  been  added;  rinse  it  then  into  a 

*  If  sodium  carbonate  and  acetate  and  ammonium  acetate 
(p.  73)  are  employed  for  the  separation  of  iron  and  manganese, 
the  ferric  acetate  will  invariably  contain  weighable  quantities  of 
manganese,  especially,  as  in  the  present  case,  when  large  quan- 
tities of  iron  are  present  with  manganese. 
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porcelain  dish,  and  pour  acetic  acid  upon  it.  Nearly  all 
the  manganese  sulphide  will  be  dissolved;  a  ])ortion  of 
it,  however,  will  remain  with  tlie  zinc,  cobalt,  nickel  and 
copper*  sulphides.  Filter  the  acetic  acid  solution,  wivsh 
the  residue  and  suspend  it  in  hydrogen  sulphide  water 
containing  hydrochloric  acid,  whereby  the  remainder  of 
the  manganese  and  the  zinc  will  be  dissolved.  The 
nickel,  cobalt  and  copper  sulphides  will  be  insoluble.  Ex- 
pel the  hydrogen  sulphide  from  the  hydrochloric  acid  so- 
lution of  tlie  zinc  and  manganese,  and  separate  these  by 
boiling  the  solution  with  potassium  hydrate.  Add  the 
slight  precipitate  of  manganous  hydrate  thus  produced  to 
the  acetic  acid  solution  of  the  sulphide.    Precipitate  the 

manganese  from  its  solution  either  in  the  form  of  sulphide 

or  cai'bonate  (p.  21). 

After  acidifying  the  alkaline  filtrate  with  acetic  acid, 

precipitate  the  zinc  with  hydrogen  sulphide,  and  determine 

it  as  sulphide. 

The  sulphides  of  nickel,  cobalt  and  copper,  that  were 
insoluble  in  hydrochloric  acid,  may  be  dissolved  in  a  mix- 
ture of  hydrochloric  and  nitric  acid.  Evaporate  the 
nitric  acid  and  precipitate  the  copper  with  hydrogen  sul- 
phide. After  getting  rid  of  the  hydrogen  sulphide  in  the 
filtrate,  throw  down  the  nickel  and  cobalt  with  potassium 
hydrate.  These  metals  occur  in  such  slight  quantities 
that  it  appears  perfectly  useless  to  separate  them.  This 
may  be  done  according  to  the  method  given  on  page  104. 

The  quantity  of  iron  in  cast  iron  is  usually  calculated 
by  difierence.  For  its  direct  determination  a  portion  of 
the  hydrochloric  acid  solution  may  be  titrated  either  with 
potassium  permanganate  (p.  75),  or  stannous  chloride 
(p.  80).    In  employing  the  first  method,  it  is  advisable 


*  The  copper  is  estimated  in  another  sample  of  the  hon. 
(See  p.  217.) 
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to  boil  the  dilute  solution  foi*  some  time,  because  it  has 
absorb(!d  hydrocarbons,  which  may  readily  decompose  the 
permanganate,  and  then  evaporate  it  to  dryness  with  sul- 
phuric acid.  It  is,  of  course,  understood,  that  the  solu- 
tion, before  titration  with  permanganate,  is  reduced  by 
zinc. 

The  alkaline  earths  are  present  in  the  filtrate  from  tlie 
ammonium  sulphide  precipitate.  Acidify  the  solution 
with  hydrochloric  acid,  evaporate  it  to  dryness,  expel  the 
ammoniacal  salts  by  ignition,  and  separate  the  calcium 
and  magnesium  in  the  solution  of  the  residue,  according 
to  the  method  given  on  page  32. 


Separate  Determination  of  the  Manganese. 

Very  frequently  in  the  analysis  of  cast  iron  the  estima- 
tion of  the  manganese  alone  is  required,  and  then  an  ex- 
ceedingly short  course  may  be  pursued.  The  method  of 
procedure  is  very  plain,  if  we  remember  the  previously 
described  separation  of  iron  and  manganese.  When  the 
silicic  acid  has  been  removed,  add  hydrogen  sulphide  to 
the  filtrate.  Boil  the  filtrate  from  the  copper  sulphide  to 
expel  the  excess  of  hydrogen  sulphide,  oxidize  the  iron 
with  nitric  acid  or  potassium  chlorate,  and  precipitate  it 
as  previously  directed.  Concentrate  the  filtrate  and  get 
rid  of  the  aluminum  by  a  second  precipitation  with  am- 
mionium  hydrate,  and  then  add  ammonium  sulphide. 
Generally  the  quantities  of  cobalt,  nickel,  and  zinc  present 
are  so  small  that  the  obtained  manganese  sulphide  can 
be  directly  weighed.  When  the  contrary  is  the  case, 
suspend  tlie  precipitate  in  water  strongly  acidified  with 
hydrochloric  acid,  and  saturate  with  hydrogen  sulphide 
water  (p.  104),  The  manganese  is  reprecipitated  as  sul- 
phide in  the  filtrate  from  the  cobalt  and  nickel  sulphides. 
The  ignited  precipitate  must  be  examined  for  zinc. 
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For  such  an  exumination  use  2-3  grms.  of  iron. 

It'  we  use  sodium  acetate  instead  of  auinioniuni  carbon- 
ate for  the  separation  of  iron  from  manganese,  the  hitter 
may  be  precii)itated  as  the  hy(h-ate  of  tlie  binoxide,  by 
means  of  bromine,  and  then  determined  as  protosesqui- 
oxide  (p.  137). 

The  separation  of  iron  from  manganese  by  precipitation 
with  sodium  acetate,  as  ah-eady  intimated  (p.  214),  is  not 
as  accurate  as  with  ammonium  carbonate,  because  a  por- 
tion of  the  manganese  remains  behind  with  the  iron  ace- 
tate. Therefore,  when  great  accuracy  is  desired,  the  pre- 
cipitate, after  being  imperfectly  washed,  is  redissolved  in 
hydrochloric  acid,  and  the  precipitation  repeated. 

Determination  of  Copper,  Arsenic  and  Antimony. 
(^Phosphorus.) 

Dissolve  about  10  grms.  cast  iron  in  aqua  regia,  in  a 
large  flask,  and  when  there  is  no  longer  any  visible  action, 
evaporate  the  whole  to  dryness  upon  a  water-bath,  and 
heat  the  residue  with  dilute  hydrochloric  acid.  The  por- 
tion insoluble  in  aqua  regia  is  fused  with  soda  and  salt- 
petre, and  the  aqueous  solution  of  the  fused  mass  added 
to  the  hydrochloric  acid  solution.  After  the  reduction  of 
ferric  chloride  and  arsenic  acid  to  ferrous  chloride  and 
arsenious  acid,  with  sulphurous  acid  or  potassium  hypo- 
sulphite, the  liquid  is  saturated  with  hydrogen  sulphide 
gas,  and  the  sulphides  obtained  filtered  off.  Digest  the 
precipitate  with  potassium  sulphide;  the  arsenic  and  anti- 
mony will  be  dissolved.  They  may  be  reprecipitated  and 
determined  according  to  page  165.  The  copper  sulphide 
that  remains  insoluble  is  washed  with  water  containing 
hydrogen  sulphide,  ignited  in  a  stream  of  hydrogen,  and 
weighed  (p.  50). 
19 
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When,  in  a  complete  analysis,  copper,  arsenic,  etc., 
have  been  (Ictermined,  the  filtrate  from  tlie  hydrogen  sul- 
phide precipitate  may  serve  for  tlie  estimation  of  tlie 
phospiioric  acid  ;  otherwise,  a  shorter  com-se,  described 
below,  may  be  chosen.    The  expulsion  of  the  hydrogen 
sul]diidc  gas  may  be  hastened  by  conducting  carbon  dioxide 
tlirough  the  heated  liquid,  which  is  tlien  mixed  with  fer- 
ric cldoride  sufficient  to  unite  witli  all  the  phospiioric  acid, 
the  solution  neutralized  with  sodium  carbonate  and  solid 
barium  carbonate  then  added.    The  precipitation  should  be 
performed  in  a  flask  that  may  be  closed,  and  this  allowed 
to  stand  until  the  supernatant  liquid  has  become  color- 
less.   Filter  off  the  precipitate,  consisting  of  iron  phos- 
phate and  hydrate,  barium  carbonate,  etc.,  and  dissolve  it 
in  the  smallest  quantity  of  hydrochloric  acid  possible,  and 
after  the  removal  of  the  barium  with  dilute  sulphuric  acid, 
precipitate  the  phosphoric  acid  in  the  filtrate  with  ammo- 
nium molybdate.    (See  p.  25.) 


Srd2)hu7'  Determination. 

Performed  exactly  as  described  on  page  134. 

By  the  action  of  the  bromine  upon  the  hydrocarbons 
liberated  when  the  iron  is  dissolved,  reddish-yellow  oil- 
drops  of  propylene  bromide,*  etc.  are  produced.  These 
disappear  upon  the  subsequent  boiling  of  the  liquid. 

Fresenius,  in  his  sulphur  determinations,  conducts  the 
hydrogen  sulphide  and  hydrocarbons,  formed  by  the  action 
of  hydrochloric  acid  upon  the  substance,  into  an  alkaline 
lead  solution,  and  uses  for  this  purpose  the  apparatus  pic- 
tured in  Fig.  17. 

In  K  is  introduced  the  weighed  quantity  of  iron,  and 


*  Cloez,  Berichte  der  deutschen  ehem.  Gesellschaft,  vii.  823. 


CAST  IRON.  210 

water  poured  over  it.  A  eoiituins  the  liydi-oclilorie  acid 
serving  for  the  sohitioii  of  the  iron.  B  und  C  eontain  a 
sohition  of  lead  oxick^  in  potassium  hydrate.  Draw  tlie 
tube  b  out  of  the  liquid,  open  the  pinch-coek  at  c,  and  1111 


the  entire  apparatus  with  hydrogen  gas  purified  by  mer- 
curic chloride  and  soda  lime.  This  done,  ])usli  the  tube 
b  into  the  liquid  and  open  the  pinch-cock  again  at  c, 
which  will  cause  a  quantity  of  acid  in  A  to  flow  over  into 
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K;  then  close  the  pinch-cock  at  d,  and  hasten  the  solution 
of  the  iron  by  the  application  of  heat.  When  there  is  not 
a  sufficient  quantity  of  acid  present,  open  the  pinch-cocks 
again  at  c  and  c?,  and  proceed  as  heretofore.  When  the 
solution  is  complete,  remove  the  tube  h  from  the  liquid, 
and  allow  a  current  of  hydrogen  gas  to  stream  tlirough 
the  apparatus,  the  solution  in  K  at  the  same  time  being 
brought  to  ebullition. 

•  The  lead  sulphide  in  B  and  C  is  filtered,  and  the  dried 
precipitate  fused  with  soda  and  saltpetre.  The  aqueous 
solution  of  the  residue  contains  the  sulphuric  acid.  To 
remove  the  small  quantities  of  lead  that  have  been  dis- 
solved, pass  a  stream  of  carbon  dioxide  through  it,  acidify 
the  filtrate  with  hydrochloric  acid,  and  evaporate  to  dry- 
ness. In  the  aqueous  solution  of  the  residue,  acidulated 
with  hydrochloric  acid,  precipitate  the  sulphuric  acid  with 
barium  chloride. 

As  it  is  very  possible,  in  cases  of  difficultly  soluble  iron, 
that  the  liquid  in  B  will  be  acid  from  the  acid  mechani- 
cally carried  over,  and  that  there  will  be  a  partial  solution 
of  the  lead  sulphide,  Fresenius  suggests  that  a  horizontal 
cooler  be  connected  with  the  flask  K. 

Gintl  recommends  the  following  method  for  the  deter- 
mination of  sulphur  in  cast  iron.  The  pulverized  iron  is 
mixed  with  twenty  times  its  quantity  of  a  rather  concen- 
trated and  almost  neutral  solution  of  ferric  chloride,  then 
digested  from  eight  to  ten  hours  at  a  temperature  ranging 
from  25°  to  30°  C.  Almost  all  the  iron  is  dissolved  as 
ferrous  chloride,  whilst  the  residue  consists  of  undecom- 
posed  iron,  graphite,  and  iron  phosphate,  with  all  the  sul- 
phur. Filter  the  residue,  wash,  and  fuse  it  in  a  silver 
crucible  with  a  mixture  of  three  parts  saltpetre  and  one 
part  alkaline  hydrate.  After  acidifying  the  aqueous 
extract  with  hydrochloric  acid,  estimate  the  sulphuric 
acid  as  heretofore. 
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Phosphorus  Determination. 

About  five  grms.  of  the  cast  iron  are  digested  in  a  phi- 
tinnm  dish  with  nitric  acid  of  specific  gravity  1.2,  and 
then  evaporated  to  dryness  on  a  water-bath  to  cause  the 
separation  of  the  silicic  acid.  Dissolve  the  residue  in 
nitric  acid,  filter  the  insoluble  portion,  and  precipitate  the 
filtrate  with  ammonium  molybdate.  The  portion  insolu- 
ble in  nitric  acid  usually  contains  phosphorus ;  therefore 
incinerate  the  filter  in  a  platinum  crucible,  and  fuse  with 
an  equal  weight  of  soda  and  saltpetre.  The  aqueous  ex- 
tract of  the  fused  mass/after  filtering,  is  evaporated  with 
hydrochloric  acid,  and  the  silica  filtered  ofi".  Add  the 
aqueous  solution  to  the  first  in  nitric  acid. 

Gintl  follows  the  same  course  in  estimating  phosphorus 
that  he  proposes  for  sulphur.  After  the  separation  of  the 
silicic  acid  from  the  aqueous  extract  of  the  fused  mass, 
the  residue  is  dissolved  in  water,  with  addition  of  some 
nitric  acid,  and  the  phosphoric  acid  determined  in  the 
filtrate  from  the  silicic  acid. 

Carbon  Determination. 

By  burning  the  finely  pulverized  iron  in  a  stream  of 
oxygen  the  carbon  is  converted  into  carbon  dioxide,  and 
directly  determined.  For  this  purpose  mix  4-5  grms.  of 
iron  in  a  rather  spacious  porcelain  or  platinum  boat,  with 
coarse  cupric  oxide ;  place  this  in  a  porcelain  tube,  and 
lay  the  latter  in  a  combustion  oven  O  (Fig.  18),  serving 
for  the  analysis  of  organic  compounds.  The  ends  of  the 
tube  should  extend  beyond  the  oven.  Connect  the  one 
end  with  the  gasometer  G,  containing  oxygen,  the  other 
with  the  tubes  a,  J,  c,  d,  e.  The  oxygen,  before  entering 
the  tube,  passes  through  the  vessels  /,  g,  li,  and  i,  of 

19* 
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■wliicli  /  contains  concentrutcil  potassium  liydrato,  g 
pumice  stone  moistened  with  concentrated  suli)liuric  acid, 
h  potassium  hydrate  in  solid  form,  and  i  calcium  chloride. 
The  small  U-shaped  tube  a  is  filled  with  small  pieces  of 
glass,  moistened  with  about  twenty  drops  of  a  saturated 
solution  of  chromic  acid.  The  latter  serves,  upon  the  one 
hand,  to  decompose  the  sulphurous  acid  produced,  and, 
upon  the  other,  to  enable  the  operator  to  observe  the 
course  of  the  analysis;  h  contains  calcium  chloride;  c  and 
d  are  five-sixths  filled  with  soda-lime,  and  one-sixth  with 
calcium  chloride.  (See  p.  35.)  These  absorb  the  carbon 
dioxide,  and  are  weighed  before  the  analysis.* 

To  prevent  carbon  dioxide  or  water  from  entering  the 
front  portion  of  the  tube,  it  is  provided  with  the  tube  c, 
one  limb  of  which,  pointed  towards  the  apparatus,  is  filled 
with  potassium  hydrate,  the  other  with  calcium  chloride 
(p.  35). 

When  the  various  parts  of  the  apparatus  have  been  con- 
nected, the  porcelain  tube  from  h  to  I  is  warmed  gently, 
and  a  stream  of  oxygen  gas  allowed  to  pass  slowly  through 
it.  When  the  tube  is  once  warm,  the  heat  may  be 
rapidly  increased  to  an  intense  glow.  When  the  iron 
glows,  all  the  oxygen  will  be  required  for  its  oxidation, 
and  during  this  time  scarcely  any  gas-bubbles  will  be 
noticed  in  the  tube  a.  When  the  oxidation  is  complete, 
the  combustion  of  the  carbon  to  dioxide  will  begin,  and 
a  regular  stream  of  gas  passes  through  the  liquid  in  a. 
Ignition  for  a  quarter  of  an  hour  will  complete  the  com- 
bustion. 


*  When  the  carbon  dioxide,  mixed  with  air  or  oxygen,  is 
to  be  absorbed,  soda-lime  is  preferable  to  potassium  hydrate, 
because  it  may  readily  happen,  when  the  oxygen  is  in  prepon- 
derance, a  portion  of  the  carbon  dioxide  will  not  be  absorbed. 
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The  increase  in  weight  of  tlic  tubes  c  and  d  will  indi- 
cate the  amount  of  carbon  dioxide  produced,  and  from 
this  the  quantity  of  carbon  may  be  very  readily  calculated. 

As  already  above  mentioned,  when  employing  this 
method  the  iron  should  be  in  a  very  fine  condition.  To 
obtain  it  in  this  form  is  a  matter  of  no  very  little  difficulty 
with  certain  varieties  of  iron.  When  the  latter  is  the 
case  the  iron  is  dissolved  in  some  suitable  manner,  and 
the  carbon  in  the  residue  determined.  Of  the  various 
methods  recommended  for  this  purpose,  I  will  describe  but 
three,  which  are  convenient  and  reliable. 

First  Metliod  Weyl  found,  that,  if  iron  was  dissolved 

in  an  electrolytic  manner  in  hydrochloric  acid,  and  when 
it  served  as  the  positive  electrode,  an  amount  of  hydrogen 
equivalent  to  that  of  the  iron  would  separate  out  at 
the  negative  pole.  Suppose,  that  only  a  weak  current 
was  used  in  this  decomposition,  the  iron  would  exist  in 
solution  in  the  ferrous  state,  whilst  if  the  opposite  were 
the  case  ferric  chloride  would  be  produced,  and  carbon 
would  be  separated  at  the  negative  pole. 

Over  the  other  two  methods  this  one  possesses  one  great 
advantage,  viz.,  that  entire  pieces  of  iron  may  be  used  for 
solution. 

A  Bunsen  "  element"  serves  for  the  decomposition.  A 
weighed  piece  of  iron  is  attached  with  the  aid  of  a  plati- 
num wire  or  a  pincette  to  the  wire  of  the  positive  pole 
and  these  immersed  in  a  glass  jar  filled  with  dilute  hydro- 
chloric acid  (Fig.  19).  The  jar,  closed  at  the  lower  end 
with  a  bladder,  is  placed  in  a  beaker-glass  containing 
the  same  acid.  Care  must  be  taken  to  have  the  hqmd  in 
the  glass  jar  and  that  surrounding  it  of  the  same  level  and 
not  to  allow  the  platinum  point  or  wire  to  dip  into  the 
acid,  because  the  current  will  be  interrupted  by  the  car- 
bon separated  out  between  the  iron  and  platinum  point. 
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A  piece  of  [)liitimim  foil  will  answer  splendidly  as  negative 
electrode,  aiid  may  be  attached  just  as  tlie  iron  to  the  wire 
of  the  negative  pole  and  dipped  at  the  same  moment  with 
it  into  the  hydrochloric  acid.  Solution  commences  im- 
mediately, and  by  bringing  the  electrodes  near  eacli  other 


Fig.  19. 


or  removing  them,  the  current  may  be  so  regulated  that 
the  iron  will  be  dissolved  only  as  ferrous  chloride.  The 
formation  of  ferric  chloride  is  easily  perceived  by  the  yel- 
low-colored threads  dropping  from  the  iron,  and  then  the 
stream  must  be  diminished,  to  obviate  any  loss  of  carbon. 
When,  after  the  expiration  of  a  few  hours,  a  sufficient 
quantity  of  iron  has  been  dissolved,  remove  the  carbon 
adhering  to  the  piece  of  iron,  and  after  drying  reweigh  it. 
Collect  the  carbon  upon  a  funnel  loosely  closed  with 
ignited  asbestos,  and,  after  washing  and  drying,  mix  it 
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with  cupric  oxide  ;ind  burn  in  ii  streanfi  of  oxygen,  just  as 
above  directed. 

Second  Method. — By  suspending  coarsely  divided  iron 
in  a  neutral  solution  of  cupric  cldoride,  the  iron  will  be 
dissolved  as  ferrous  cldoride  and  tlie  carbon  remain  be- 
hind. (Berzelius.)     Ullgren  has  substituted  copper  sul- 
phate for  cupric  chloride.    Dissolve  from  4  to  5  grms.  of 
cast  iron  in  a  solution  of  20  grms.  copper  sulphate  in 
100  C.  C.  water;  at  the  same  time  heat  the  liquid  gently 
and  stir.    When  the  decomposition  is  complete,  pour  oif 
the  clean  solution,  and  transfer  the  residue, 
Fig.  20.     consisting  of  carbon,  copper,  etc.,  to  a  funnel 
stopped  with  asbestos.    Berzelius  used  an  ap- 
paratus of  the  form  shown  in  the  adjoining 
cut  (Fig.  20).    Below  at  the  contracted  part 
it  is  filled  in  with  loosely  placed  asbestos.  By 
constructing  such  a  tube  of  difficultly  fusible 
glass,  the  carbon  may  be  immediately  mixed 
with  cupric  oxide  and  the  latter  placed  in  a 
porcelain    tube.     The   combustion    is  per- 
formed as  heretofore. 

Third  Method.— To  effect  the  solution  of  the  iron 
Wöhler  uses  iodine  ;  suspending  the  first  in  water  and 
adding  iodine  gradually  (for  5  grms.  iron  about  the  same 
amount  of  iodine).  When  the  decomposition  is  complete, 
the  residue  is  filtered  through  asbestos  and  burned  in  an 

oxygen  stream. 

Recently  bromine  has  in  many  instances  replaced  iodine 
for  this  purpose.  This  is,  however,  less  adapted  to  effect 
solution,  the  results  obtained,  generally  being  too  low,  and 
the  reason  for  this  may  be  readily  explained  by  the  for- 
mation of  propylene  bromide.   (See  p.  218.) 
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Grap h ite  Deter m. ination. 

Ciu-bon,  as  is  known,  exists  in  iron  parlly  cliomicnlly 
nnited  with  it  and  partly  as  graphite.  The  hitter  remains 
insoluble,  when  the  iron  is  dissolved  in  hydrochloric  or 
sulphuric  acid,  whilst  the  chemically  combined  carbon 
escapes  in  the  Ibrni  of  liydrocarbons.  To  determine  the 
quantity  of  graphite,  dissolve  a  weighed  quantity  (3-5 
grms.)  in  dilute  hydrochloric  acid,  filtering  the  residue 
througli  an  asbestos  filter,  and  washing  it,  first  with  hot 
water,  then  successively  with  dilute  potassium  hydrate, 
alcohol  and  ether.  The  graphite  is  burned  in  a  current 
of  hydrogen.  The  difference  will  represent  the  combined 
carbon,  if  the  graphite  be  deducted  from  the  entire  quan- 
tity of  carbon  determined  in  a  separate  portion. 

Fresenius  has  given  a  method  for  the  direct  determina- 
tion of  the  chemically  combined  carbon  in  the  presence  of 
graphite.  It  consists  in  converting  into  carbon  dioxide, 
the  hydrocarbons  liberated  when  iron  is  dissolved  in  dilute 
sulphuric  acid.  It  is  implied,  in  this  determination,  that, 
when  iron  is  treated  with  sulphuric  acid,  all  the  chemically 
united  carbon  will  be  volatilized  in  the  form  of  hydro- 
carbons, and  no  compounds  of  carbon  will  remain  with 
the  graphite.  Before  employing  the  method  be  satisfied 
that  the  residue  remaining  after  treating  the  iron  with 
dilute  sulphuric  acid  and  washing  with  hot.  water  contains 
no  hydrocai-bons  soluble  in  potassium  hydrate,  alcohol  or 
ether.  This  is  readily  noticed  because  in  using  potassium 
hydrate  it  will  be  colored  brown,  and  if  alcohol  or  ether 
have  been  employed  it  would  be  noticed  by  the  residue  of 
organic  matter  remaining  after  these  solutions  have  been 
evaporated  to  dryness. 

The  apparatus  of  Fresenius  (somewhat  modified)  con- 
sists of  the  following  parts  (Fig.  21)  : — 


228 


CAST  lEON, 


K  is  a  small  flask  of  about  150  C.  C.  capacity,  having 
a  doubly  perforated  cork  admitting  the  tubes  a  c  and  eg; 
a  c  is  connected  with  the  vertical  cooler  h.  The  funnel 
tube  e  h  is  severed  at  g,  and  may  be  either  united  with 
the  funnel  h  or  with  the  tube  i  containing  soda-lime.  The 
combustion  tube  d  is  attached  at  c.  It  is  about  30  cen- 
timetei-s  long  and  at  the  end  directed  towards  c,  half-filled 
with  asbestos  that  has  been  well  ignited.    Behind  the 
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asbestos  follows  a  layer  of  well-ignited,  coarse-grained 
cupric  oxide  and  finally  an  asbestos  stopple.  To  catch 
the  water  and  carbon  dioxide,  the  end  of  the  tube  opposite 
c  is  ioined  with  a  calcium  chloride  tube,  this  with  a 
weighed  tube  containing  soda-lime  and  finally  with  one 
containing  soda-lime  and  calcium  chloride.  This  last  tube 
serves  solely  to  prevent  the  entrance,  from  without,  of 
steam  and  carbon  dioxide  into  the  weighed  soda-lime 
tube  (p.  35). 

The  portion  of  the  combustion  tube  d  containing  the 
cupric  oxide  is  heated  until  it  glows,  and  the  weighed 
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portion  of  iron,  1-1. f)  grnis.,  introduced  in  tlie  lliisk  K  ;  li. 
connected  with  g,  and  a  sufRcient  quantity  of  dilute  sul- 
phuric acid  (1  partsulpluiric  acid  and  5  parts  water)  allowed 
to  pass  into  K,  and  the  funnel  replaced  by  the  tube  i. 

The  extreme  outer  tube,  containing  both  calcium 
chloride  and  soda-lime,  is  connected  with  an  aspirator, 
and  a  constant  current  of  air  drawn  through  the  ap[)aratus, 
the  solution  of  the  iron  in  K  being  at  the  same  time  has- 
tened by  the  application  of  heat.  By  contact  with  the 
glowing  cupric  oxide  the  disengaged  hydrocarbons  ai'e 
completely  oxidized  to  carbon  dioxide  and  water.  When 
perfect  solution  has  been  effected,  the  portion  of  the  tube 
containing  the  asbestos  is  strongly  ignited  to  volatilize  or 
burn  the  hydrocarbons  that  have  condensed  there.  The 
apparatus  is  then  allowed  to  cool,  and  from  the  increased 
weight  of  the  weighed  soda-lime  tube  the  quantity  of  com- 
bined carbon  is  calculated. 

Oxidation  of  the  Carbon  hy  means  of  Chromic  Acid. 

Instead  of  burning  in  a  stream  of  oxygen  the  residue 
remaining  after  dissolving  the  iron,  it  may  be  readily 
converted  into  carbon  dioxide  by  warming  with  chromic 
acid  (Ullgren).  This  method  may  be  employed  when 
there  is  no  combustion  oven  at  hand.  The  construction 
of  the  somewhat  modified  apparatus  is  indicated  in  Fig.  22. 

The  carbon  remaining  after  dissolving  the  iron  in  copper 
sulphate,  iodine,  etc.,  is  placed  in  a  flask  K,  which  is 
closed  at  g  during  the  operation  with  a  glass  rod.  Pour 
in  about  40  C.  C.  of  concentrated  sulphuric  acid,  and  after 
cooling  add  8  grms.  crystallized  chromic  acid.  The  car- 
bon dioxide  first  passes  the  vertical  condenser  h  (serving 
to  condense  the  steam),  then  the  jar  a,  containing  pieces 
20 
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of  pumice-stono  saturated  with  sulphuric  acid,  and  the 
calcium  chloride  flask  h:  c  and  d  are  the  soda-lime  tubes 
intended  for  the  absorption  of  the  carbon  dioxide ;  e  a 


cium  chloride. 


*  Ullgren  employs  pumice  stoue  filled  with  potassium  hy- 
di-ate  fo?the  absorption  of  the  carbon  dioxide.  The  substance 
is  prepared  by  dissolving  1  part  potassium  hydrate  in  3-4  parts 
water,  and  adding,  while  constantly  applying  heat,  small  pieces 
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The  contents  of  tlie  Husk  arc  liciitcd  until  there  is  ii 
violent  liberation  of  gas,  and  tlie  temperature  graiUially 
increased  until  white  vapors  are  visible  in  the  cooler  K. 
The  heating  is  continued  as  long  as  gas  liberation  is  ])er- 
ee[)tible,  the  lamp  then  removed,  f  connected  with  an 
aspii-ator  and  some  air  drawn  out.  The  glass  rod  at  g  is 
rei)laced  by  a  potassium  hydrate  tube,  after  pushing  the 
glass  tube,  bent  at  right  angles,  into  the  liquid.  Air  is 
drawn  through  the  apparatus  for  some  time,  and  the  tubes 
c  and  d  finally  reweighed. 

Colorimetrical  Determination  of  the  ComUned  Carhon. 

Eggertz  lias  proposed  a  method  for  the  determination 
of  the  combined  carbon  in  cast  iron  and  steel,  which  is 
based  upon  the  fact  that  iron  dissolved  in  nitric  acid  gives 
the  solution  a  color  more  or  less  brown,  in  proportion  to 
the  amoimt  of  combined  carbon  present.  For  the  purpose 
of  comparison  a  solution  of  iron  with  a  known  amount  of 
carbon  will  answer.  The  concentration  is  so  arranged 
that  every  cubic  centimetre  contains  as  much  carbon  as 
will  correspond  to  0.1  per  cent,  carbon  in  iron.  As  these 
solutions  lose  their  color  very  readily,  Eggertz  substitutes 
for  them  a  solution  of  caramel  in  dilute  alcohol,  or  an  ex- 
tract of  burnt  coffee  in  alcohol  and  water.  These  have 
the  same  color  (see  below).  0.1  grm.  iron  is  now  dis- 
solved in  a  test-tube  in  1.5-5  C.  C.  nitric  acid  of  sp.  gr. 
1.2,  and  when  solution  is  effected  heated  to  about  80°  C. 
on  the  water-bath.  If  the  solution  is  complete,  the  cool, 
clear  liquid  is  poured  into  a  graduated  tube,  and  the  in- 
soluble residue  again  treated  with  nitric  acid  until  there  is 


of  pumice-stone,  and  finally  evaporating  the  mixture  almost  to 
dryness.  The  pumice-stone,  saturated  with  potash  while  yet 
hot,  is  introduced  into  the  tubes. 
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110  longer  any  liberation  of  gas.  The  solutions  are  united 
and  diluted  with  water  until  the  color  is  the  same  as  that 
with  which  they  arc  to  be  compared. 

Britton  has  modified  the  Eggertz  method  in  the  following 
manner  :  A  weighed  portion  of  the  finely  divided  iron 
(when  there  is  present  0.3  per  cent,  carbon,  take  1  grm. 
substance,  and  when  the  percentage  is  higher  take  less — 
not  more  than  0.5  grm.  substance)  is  heated  in  a  test-tube 
with  10  C.  C.  nitric  acid,  free  from  chlorine — sp.  gr,  1.2 

 and  after  standing  10  to  15  minutes  the  clear  solution 

is  decanted  and  the  residue  again  digested  with  5  C.  C.  of 
nitric  acid  of  the  same  strength  until  the  iron  is  com- 
pletely decomposed.    The  solutions  are  filtered  through  a 
dry  filter  and  poured  together  in  a  reagent  tube  12  Cm. 
long  and  1.5  Cm.  wide.    For  a  comparison  of  the  tints  of 
color  take  15  test-tubes  of  similar  dimensions  as  the  one 
above,  and  introduce  into  them    different  extracts  of 
roasted  coffee,  water  and  alcohol,  so  that  the  tint  in  color 
of  the  first  tube  will  correspond  to  that  of  1  grm.  of  iron 
containing  0.02  per  cent,  of  chemically  combined  carbon 
and  dissolved  in  15  C.  C.  of  nitric  acid,  that  of  the  second 
to  a  solution  containing  0.04  per  cent,  carbon,  that  of  the 
third  to  a  solution  containing  0.06  per  cent,  carbon,  and 
the  color  tint  of  the  15th  tube  is  equivalent  to  0.3  per  cent, 
of  chemically  combined  carbon.    These  tubes  are  hermet- 
ically sealed  and  so  arranged  in  a  rack  that  between  each 
two  is  sufficient  room  to  stand  the  tube  containing  the 
solution  to  be  tested. 

According  to  Britton's  experiments  we  can  accurately 
estimate  with  this  method  the  amount  of  carbon  in  iron  to 
within  0.01  per  cent. 
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Determination  of  the  Nitroycn. 

1.  Determination  of  tlic  nitrogen  wliieli  is  converted 
into  ammonia  when  the  iron  is  dissolved  in  hydrocldoric 
acid. 

In  tliis  determination  the  iron  is  placed  in  a  tubnlated 
retort  and  dissolved  in  hydrochloric  acid,  and  the  escaping 
gases  condncted  through  a  U-sIiaped  tube  partially  lilled 
with  dilute  hydrochloric  acid.  The  latter  operation  lias 
for  its  object  the  conversion  of  the  ammonia  escaping  with 
the  disengaged  gases  (hydrogen  and  hydrocarbons)  into 
ammonium  cldoride.  When  the  solution  is  finished  pour 
the  contents  of  the  U  tube  back  into  the  retort,  and  after 
adding  sodium  or  potassium  hydrate,  subject  the  whole  to 
distillation.    (See  p.  37.) 

Or,  the  iron  (2  grms.)  is  decomposed  with  a  solution  of 
10  grms.  copper  sulphate  and  6  grms.  fused  sodium  chlo- 
ride, and  Avhen  the  decomposition  is  ended  distilled  with 
sodium  hydrate  (Ullgren). 

2.  Determination  of  the  nitrogen  in  the  residue  left  after 
the  solution  of  the  iron. 

According  to  Ullgren  proceed  as  follows  :  Fill  the  com- 
bustion-tube (V)  (see  Fig.  23),  30  Cm.  in  length,  to  a  with 
about  12  grms.  of  magnesite  or  sodium  hydrocarbonate, 
place  a  loose  stopple  of  asbestos  next,  and  introduce  from 
a  to  h  the  insoluble  residue  from  the  iron,  dried  at  130°  C. 
and  mixed  with  about  4  grms.  of  mercuric  sulphate.  An- 
other stopple  of  asbestos  is  placed  at  6,  and  from  h  to  a  the 
tube  is  filled  with  coarse  pumice-stone  powder,  which  was 
previously  mixed  with  mercuric  sulphate  and  water,  and 
afterwards  dried.  Finally,  the  anterior  portion  of  the 
tube,  after  adding  another  asbestos  layer,  is  filled  with 
coarse  pieces  of  pumice-stone  saturated  with  a  concen- 
trated chromic  acid  or  potassium  Chromate  solution.  This 

20* 
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is  intended  to  decompose  the  sulphurous  acid  that  may- 
be formed. 

The  combustion-tube  is  connected  by  d  with  a  gradu- 
ated tube  M  filled  with  mercury,  and  inverted  in  a  mercury- 
bath.  The  entire  capacity  of  M  is  about  90  C.  C. ;  the  tube 
i  //,  divided  into  ^-  C.,  holds  about  20  C.  C,  the  bulb- 
portion  about  40  C.  C,  and  the  lower  extremity-  e  about  30 

Fig.  23. 


C.  C.  35-40  C.  C.  of  a  potassium  hydrate  solution  (1  part 
potassium  hydrate  in  2  parts  water)  are  now  introduced  into 
M  by  means  of  a  bent  pipette,  and  then  15  C.  C.  of  con- 
centrated tannic  acid  added,  so  that  the  mercury  will  stand 
about  /.  The  air  contained  in  the  apparatus  is  expelled  by 
beatino;  the  portion  of  the  tube  containing  the  magnesite, 
at  the  same  time  conducting  the  gas  evolved  into  M.  The 
portion  a  &  is  heated  gently  at  first,  while  5  c  is  in  the 
mean  time  brought  to  a  glow.  When  this  point  has  been 
reached,  the  part  a  5  is  rapidly  brought  to  a  red  heat,  and 
held  in  this  condition  until  the  column  of  liquid  in  M  no 
lont^er  sinks.    The  final  traces  of  nitrogen  contained  in 
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the  combustion  tube  are  expelkul  by  reiguiliug  the  niajr- 
nesite.  Keniove  the  tube  d,  and  with  a  small  porcelain 
dish  filled  with  mercury  transfer  the  tube  M  to  a  tall  and 
wiile  jar  containing  water,  Avhich  will  displace  the  mer- 
cury, potassium  hydrate  and  tannic  acid.  Close  the  tube 
with  the  thumb  or  a  gum  cork,  incline  it,  and  rinse  out 
tlu'  potassium  hydrate  that  may  y(!t  remain  in  the  upper 
portion  of  the  tube.  After  allowing  the  tube  to  remain 
15  or  20  minutes  in  the  jar  ascertain  the  temperature, 
note  the  barometer-stand,  then  elevate;  the  tube  with  tongs 
until  the  liquid  in  M  has  the  same  niveau  with  that  of  the 
jar,  and  read  off'  the  volume  of  nitrogen. 

Representing  the  volume  of  nitrogen  read  off*  by  V,  and 
the  volume  of  the  same  at  0°  C.  and  760  Mm.  barometric 
pressure  by  V,  and  the  barometer  in  millimetres  by  B, 
the  temperature  of  the  water  according  to  Celsius  by  t, 
and  the  tension  of  the  steam  in  millimetres  by/,  depend- 
ent upon  the  observed  temperature,  we  have 

^,_V(B-,/)273 
700(273  +  0* 

Well,  Spring  and  River  Water. 

According  as  these  waters  are  used  for  domestic  or  prac- 
tical purposes  the  analysis  extends  itself  merely  to  the 
estimation  of  certain  constituents.  In  the  examination 
of  a  drinkable  water  the  estimation  of  the  iron,  calcium, 
magnesium,  alkalies,  sulphuric,  hydrochloric,  nitric  and 
nitrous  acids  (carbon  dioxide),  ammonia,  organic  sub- 
stances, and  the  quantity  of  solid  material  usually  come 
into  consideration,  whilst  in  the  analysis  of  water  for  in- 
dustrial purposes  the  determination  of  the  alkaline  earths 
(of  the  total  and  permanent  hardness),  ferrous  oxide,  sul- 
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phuric  and  hydrochloric  acids,  and  the  entire  amount  of 
substances  is  of  interest.* 

Determination  of  the  Amount  of  the  Solid  Constituents,  of 
the  Ferro  us  Oxide,  Calcium  Oxide,  Magnesia  and  Alkalies. 

 500  or  1000  C.  C.  water  (still  larger  quantities  when 

spring  and  river  water  are  taken)  are  evaporated  upon  a 
water-bath  in  a  weighed  platinum  disli.  The  residue  is 
dried  at  120°  to  125°  C,  either  in  an  oil  or  air-bath 
until  constant  weight  is  obtained.  Pour  water  over  the 
dried  mass,  adding  hydrochloric  acid  to  eflPect  the  com- 
plete solution.  The  dish  is  covered  with  a  large  watch- 
glass.  Heat  until  bubbles  of  carbon  dioxide  no  longer 
escape  from  the  liquid,  remove  the  cover,  and  again  evapo- 
rate to  dryness.  By  subsequent  treatment  of  the  residue 
with  dilute  hydrochloric  acid,  any  silicic  acid  present  will 
remain  insoluble,  and  can  be  filtered,  washed,  dried  and 
w^eighed. 

For  the  precipitation  of  the  ferric  oxide  the  filtrate  is 
mixed  with  ammonium  hydrate  to  alkaline  reaction,  the 
precipitate  filtered  off  and  dissolved  after  being  imper- 
fectly washed,  and  the  precipitation  repeated.  This  second 
precipitation  is  absolutely  necessary,  because,  especially  in 
waters  containing  much  calcium,  the  carbonate  of  the  lat- 
ter is  invariably  thrown  down  together  with  the  ferric 
oxide. 

The  precipitate  produced  by  ammonium  hydrate  con- 
tains not  only  silicic  acid,  but  also  aluminum  and  phos- 
phoric acid.  The  quantitative  determination  of  these  latter 
constituents  is  in  the  present  instance  not  necessary,  while, 
upon  the  other  hand,  under  many  circumstances  (especially 
when  the  water  is  employed  for  certain  technical  purposes) 

*  For  the  determination  of  all  the  constituents,  see  Analysis 
of  Mineral  Water. 


WELL,  SPRING   AND   RIVER  WATER. 


237 


the  detorminiition  of  the  iron  in  this  precipitute  is  v(!ry 
important.  Dissolve  the  precipitate,  therefore,  in  sul- 
phuric acid  and  determine  the  iron  volumetrically  after 
reducing  it  to  the  ferric  state  (p.  75).  It  is  necessary 
that  a  very  dilute  solution  of  potassium  |)crmanoanate  be 
employed  for  estimating  such  small  quantities  of  iron.  A 
solution  in  wliicli  1  C.  C.  corresponds  to  0.001  grm.  iron 
may  be  nsed.  In  well  waters,  containing  large  quantities 
of  iron,  the  latter  may  be  directly  determined  by  adding 
potassium  permanganate  to  the  freshly-drawn  water,  acidi- 
fied with  sulphuric  acid.  In  this  instance  it  must  also  be 
ascertained  how  much  permanganate  would  be  required  to 
color  red  a  volume  of  distilled  water  equal  to  that  em- 
ployed, and  this  quantity  subsequently  deducted.  The 
filtrate  from  the  ferric  oxide  is  mixed  with  an  excess  of 
ammonium  oxalate  or  oxalic  acid,  the  calcium  oxalate  fil- 
tered off  and  determined  according  to  page  13. 

To  separate  the  magnesium  from  the  alkalies,  evaporate 
the  filtrate  to  dryness  in  a  platinum  dish,  and  gently  ignite 
the  residue  (p.  45).  For  the  perfect  separation  of  the 
magnesia,  the  filtrate  is  again  evaporated,  and  the  ignition 
repeated  with  addition  of  ammonium  oxalate  or  oxalic 
acid. 

The  alkalies  are  determined  by  evaporating  their  solu- 
tion to  dryness  with  sulphuric  acid  upon  a  water-bath. 
By  ignition  the  sulphuric  acid  and  the  ammonium  salts 
are  expelled.  Finally  (to  convert  the  hydrosulpliates  into 
neutral  sulphates)  pieces  of  ammonium  carbonate  are 
added  (p.  46).  The  sidphates  are  then  weighed.  To  esti- 
mate the  amount  of  potassium  in  the  presence  of  sodium, 
proceed  according  to  page  47  (Remark), 

In  the  examination  of  water  for  technical  purposes,  cer- 
tain inferences  are  drawn  from  the  quantitative  determi- 
nations of  the  calcium  and  magnesium  oxides,  and  we 
then  merely  ascertain  how  much  soap  solution  of  known 
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strength  will  be  required  for  the  decomposition  of  a  meas- 
ured quantity  of  water,  or,  as  it  is  usually  expressed,  what 
hardness  the  water  under  consideration  possesses. 

If  water,  containing  salts  of  the  alkaline  earths  in  solu- 
tion, be  mixed  with  a  soap  solution,  these  will  separate  as 
insoluble  compounds  of  the  fatty  acids,  and  the  acids  pre- 
viously combined  with  the  alkaline  earths,  now  united 
with  alkali,  will  pass  into  solution.  As  soon  as  this  re- 
placement is  complete,  a  lather  is  produced  on  shaking 
the  solution,  if  the  slightest  excess  of  soap  is  present. 
This  indicates  the  final  reaction. 

The  units  (amount)  of  calcium  oxide  (CaO)  contained 
in  100,000  parts  of  water  are  termed  the  degree  of  hard- 
ness. Water,  therefore,  indicating  15  degrees  of  hard- 
ness, contains  in  100,000  parts  15  parts  of  calcium  oxide 
(or  its  substitute,  magnesia),  united  with  sulphuric,  nitric, 
and  hydrochloric  acids  or  with  carbon  dioxide. 

As  is  known,  by  boiling  the  water  the  greater  portion 
of  the  carbonates  (by  the  decomposition  of  the  hydrocar- 
bonate)  will  be  precipitated,  whilst  the  sulphates  and 
chlorides  will  remain  in  solution.  Therefore  we  speak  of 
a  total  hardness,  which  is  represented  by  the  entire  quan- 
tity of  alkaline  earths  present,  and  of  a  remaining  {per- 
manent) hardness,  which  is  indicated  by  the  eai'ths, 
which  continue  in  solution  after  boiling.  The  dilFerence 
between  the  two  is  the  temporary  hardness,  which  would 
approximately  represent  the  amount  of  carbonates  (hydro- 
carbonates)  in  the  water. 

Determination  of  the  Total  Hardness.  Clark's  Method. — 
As  a  normal  liquid  a  soap  solution  will  answer  in  Avhich 
45  C.  C.  will  correspond  to  12  Mgrms.  calcium  oxide  dis- 
solved in  100  C.  C.  H^O.  The  soap  suitable  for  this  pur- 
pose is  made  by  rubbing  together  150  parts  lead  plaster 
with  40  parts  of  potassium  carbonate.    The  mass  is  ex- 
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tracted  Avitli  alcohol,  filtered,  the  filtrate  evaporated  to 
dryness  on  the  water-bath,  and  the  residue  dissolved  ni 
alcohol.  For  every  2  parts  of  the  soap,  take  100  parts  ot 
dilute  alcohol  (56°  Tr.). 

A  solution  of  barium  chloride  will  serve  for  the  stan- 
dardization of  this  soap  solution.  Dissolve  0.523  grm.  of 
dry  barium  cldoride  in  water,  and  dilute  to  1  litre;  then 
transfer  100  C.  C  of  this  solution  to  a  glass  vessel  pro- 
vided with  a  cork,  and  having  a  capacity  of  200  C.  C., 
and  allow  the  soap  solution  to  pass  in  from  the  burette,  until 
upon  shaking  the  liquid  there  remains  a  permanent  lather. 
The  soap  solution  is  then  diluted  with  so  much  alcohol, 
that  the  production  of  a  lather  in  100  C.  C.  of  the  barium 
chloride  will  require  45  C.  C.  of  the  former.  Then  45 
C.  C.  will  correspond  to  12  milligrammes  of  calcium  ox- 
ide in  100  C.  C.  of  water. 

For  the  estimation  of  the  entire  hardness  of  the  water, 
proceed  as  in  the  standardization;  pipette  100  C.  C.  of  the 
above  water  into  the  glass  provided  with  a  cork,  and  add 
the  soap  solution  gradually  until  the  final  reaction  occurs. 
If  the  water  under  examination  indicates  more  than  12 
degrees  of  hardness,  the  end  reaction  is  uncertain,  and 
the  titration  must  be  performed  in  a  more  dilute  solution. 
In  this  case  take  only  10  C.  C.  of  the  water,  mixing  with 
it  distilled  water  to  100  C.  C,  and  proceed  as  before. 

Determination  of  the  Permanent  Hardness. — 400  to  500 
C.  C.  water  are  boiled  for  at  least  one  half  hour,  and  the 
evaporating  steam  continually  replaced  by  distilled  water. 
After  cooling,  the  carbonates  of  the  alkaline  earths  are 
filtered  oflF,  and  the  filtrate  brought  to  the  same  volume  as 
the  originally  employed  liquid  (400  to  500  C.  C).  Take 
100  C.  C.  to  estimate  the  earths  that  may  yet  remain  in 
solution,  proceeding  as  previously  directed.  If  we  employ 
for  the  examination  100  C.  C.  of  water,  the  tables  of  Faisst 
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und  Kiiixuss  given  in  the  appendix  afford  a  direct  reading 
of  tlie  degree  of  hardness  from  the  number  of  C.  C.  of  the 
soap  solution  which  has  been  used. 

If,  wlien  determining  the  degree  of  hardness,  we  obtain 
a  number  not  given  in  the  table,  take  the  number  most 
nearly  approaching  it,  and  multiply  the  difference  between 
the  two  by  the  fractions  of  a  degree  of  hardness,  which 
represent  the  difference  of  1  C.  C.  of  the  soap  solution. 
The  product  obtained  is  either  subtracted  from  the  degrees 
of  hardness  opposite  the  number  taken  in  the  table  or 
added  to  it,  according  as  the  found  C.  C.  of  soap  solution 
are  deducted  from  those  marked  in  the  table,  or  the  latter 
from  the  number  of  C.  C.  found  by  experiment.  For 
example:  36  C.  C.  of  soap  solution  have  been  used  in 
one  experiment;  then  the  difference  between  36  and 
36.7  =  0.7,  which  must  be  multiplied  by  0.294;  the 
product  is  0.2058.  In  this  instance  we  must  deduct 
0.2058  from  9.5,  and  obtain  in  consequence  as  the  degree 
of  hardness  9.2942.  Or,  100  C.  C.  of  water  require  44 
C.  C.  of  soap -solution,  then  44  —  43.4  =  0.6,  to  be  mul- 
tiplied by  0.31,  and  the  obtained  number  then  added  to 
11.5.  The  water  corresponds,  therefore,  to  11.5  -|-  0.186 
=  11.686  degrees  of  hardness. 

Determination  of  the  Hydrochloric  Acid — It  may  be 
estimated  either  gravimetrically  as  silver  chloride  (p.  17) 
or  volumetrically  with  silver  nitrate,  using  potassium  Chro- 
mate as  an  indicator  (p.  43).  The  amount  of  water  used 
will  depend  upon  the  quantity  of  chlorides  present.  When 
very  small  quantities  of  the  latter  exist,  it  is  necessary, 
particularly  in  the  gravimetric  determination,  to  previously 
concentrate  the  solution  by  evaporation. 

Determination  of  the  Sulphuric  Acid — Take  500  to 
1000  C.  C.  water,  depending  upon  the  quantity  of  sul- 
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phutes  thiit  may  he  present.  Acidity  the  wjitor  with 
hydrochloric  iicid,  and  determine  the  sulphnric  acid  as 
barium  sulpliatc.  When  upon  testing  qualitatively  only 
a  faint  reaction  for  suli)huric  acid  has  been  obtained,  the 
solution  acidified  with  hydrochloric  acid  is  concentrated 
before  precipitation. 

Where  a  comi)arison  of  ditt'ercnt  spring  waters  is  de- 
sirable and  great  accuracy  is  not  required,  the  sulphuric 
acid  can  be  much  more  readily  determined  volumetrically. 
Take  as  a  normal  solution  one  containing  12.2  grms. 
barium  chloride  dissolved  in  1  litre  of  water.  A  solution 
of  potassium  Chromate  of  equal  strength  is  also  made. 
This  is  prepared  by  dissolving  7.3GÖ  grms.  dry  potas- 
sium bichromate  in  100  C.  C.  of  water.  To  this  solu- 
tion is  added  sufficient  ammonium  to  convert  the  potas- 
sium bichromate  into  ammonium-potassium  bichromate — 
the  color  of  the  liquid  changing  from  red  to  yellow. 
Finally  dilute  to  1  litre.  1  C.  C.  of  the  barium  chloride 
solution  will  correspond  to  1  C.  C.  of  potassium  Chromate. 
To  carry  out  the  method,  first  remove  the  carbonates  of 
the  alkaline  earths  by  the  continued  boiling  of  the  solution, 
replacing  the  escaping  steam  with  distilled  water,  filter 
and  precipitate  the  boiling  solution  with  an  excess  of  the 
normal  barium  chloride  solution.  10  C.  C.  usually  suffice 
for  this  purpose.  The  excess  of  barium  chloride  is  titrated 
by  potassium  Chromate.  Pass  the  latter  from  a  burette 
until  the  liquid  over  the  precipitate  appears  slightly  yel- 
low. Tiemann*  suggests  that  this  slight  necessary  excess 
of  potassium  Chromate  be  determined  colorimetrically. 
The  liquid  is  brought  to  a  definite  volume,  about  150  C. 
C.  (Tiemann  effects  the  precipitation  in  a  glass  vessel 
provided  with  a  mark),  and  100  C.  C.  of  the  liquid,  fil- 
tered through  a  dry  filter,  is  transferred  to  a  narrow  jar  of 


*  Berichte  der  deutschen  ehem.  Gesellschaft,  1873,  p.  920, 
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colorless  glass.  Now,  to  100  C.  C.  of  water  placed  in 
another  cylinder  of  similar  dimensions  as  the  first,  add 
the  normal  Chromate  solution  drop  hy  drop,  until  the  color 
tint  agrees  with  that  in  the  first  tube.  The  amount  of 
potassium  Chromate  used  which  is  equivalent  to  the  excess 
of  it  taken  in  the  first  cylinder,  is  deducted  from  the  en- 
tire number  of  C.  C.  taken  lor  the  titration  of  barium 
chloride. 

Determination  of  the  Nitric  Acid.  Tiernann's  Modifi- 
cation of  Sclmhe's  Method^-— The  method  is  based  upon 
the  decomposition  of  a  niti-ate  by  hydrochloric  acid  and 
ferrous  chloride,  and  the  measurement  of  the  nitrogen  oxide 
gas  evolved : — 
6FeCl,  +  6HC1  +  2HKO3  =  3re,Cl,+  4B,0  +  2N0. 


Fig.  24. 
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closed  by  ii  doubly  pcrtbriitud  gum  cork,  oue  perforation 
of  whicli  contains  c  and  the  other  the  tube  d.  At  h 
and  both  tubes  are  joined  by  means  of  closely  fitting 
gum  tubing  to  the  tubes  a  and  e  h,  and  may  be  closed 
with  pinchcocks.  The  bent  end  of  the  tube  e  h,  to  prevent 
its  being  broken,  is  covered  with  a  piece  of  gum  tubing. 
The  tube  c  g  about  2  Cm.  below  the  cork  (at  r/)  is  drawn 
out  to  a  rather  fine  point,  while  the  other  tube  is  cut  off 
immediately  below  the  cork.  A  is  a  glass  dish  containing 
10  per  cent,  sodium  hydrate,  B  a  narrow  tube  divided 
into  C.  C.  and  filled  with  sodium  hydrate  that  was  pre- 
viously boiled. 

100-300  C.  C.  of  water  are  now  concentrated  in  a 
porcelain  dish  to  about  50  C.  C,  and  the  liquid  together 
with  the  precipitate  of  the  alkaline  earths  then  rinsed  into 
the  flask  K  and  boiled,  and  toward  the  close  of  the  opera- 
tion the  tube  e  1i  is  dipped  into  sodium  hydrate,  and  the 
steam  allowed  to  escape  through  it.    If  the  air  has  been 
completely  expelled  from  the  apparatus,  by  pressing  with 
the  fingers  upon  the  gum  tube  at  e,  the  sodium  hydrate 
Avill  rapidly  pass  back  in  the  tube  e  h,  and  this  will  be 
noticed  by  a  gentle  tap  upon  the  finger  pressed  upon  the 
gum  connection.    The  pinchcock  at  e  is  closed  and  the 
boiling  continued  (the  steam  escapes  through  g  q)  until 
the  residual  liquid  amounts  to  about  10  C.  C.  Remove 
the  lamp,  close  the  tube  with  a  pinchcock  at  h  and  fill  the 
limb  a  6  with  water.    Notice  whether  air  bubbles  form  at 
h,  and  remove  them  by  pressing  with  the  fingers  upon 
the  tube.    The  graduated  tube  B  is  now  placed  over  the 
bent  portion  of  the  tube  e  h,  so  that  the  latter  extends  2 
to  3  Cm.  into  B.    If  a  vacuum  has  formed  in  the  flask  K 
it  will  be  noticed  by  the  compression  of  the  tubes  at  e  and 
b,  and  then  pour  an  almost  saturated  solution  of  20  C.  C. 
of  ferrous  chloride  into  a  small  beaker  glass,  dip  the  tube 
a  h  into  it  and  let  the  liquid  enter  the  flask  through  the 
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opening  at  h.   Through  the  SHine  opening  small  quantities 
of  concentrated  hydrochloric  acid  are  twice  introduced 
and  the  pinchcock  again  closed.    The  flask  is  now  gently 
heated  until  the  tubes  are  somewhat  distended  at  e  and  h 
by  the  pressure  upon  them,  when  the  pinchcock  is  removed 
and  the  tube  held  shut  with  two  fingers,  until  the  pressure 
is  sufficiently  great  to  carry  the  nitric  oxide  into  B.  When 
the  gas  liberation  diminishes,  the  flask  is  more  strongly 
heated  and  this  continued  until  the  column  of  liquid  in 
B  no  longer  alters  its  niveau.    At  last  nothing  more  than 
vapors  of  hydrochloric  acid  pass  over  and  these  are  ab- 
sorbed so  violently  by  the  sodium  hydrate  as  to  create  a 
noise,  similar  to  that  noticed  in  the  chlorine  distillation 
according  to  Bunsen's  method.    The  tube  e  A  is  now  re- 
moved, and  B  is  transferred  by  aid  of  a  porcelain  dish 
filled  with  concentrated  sodium  hydi-ate  to  a  large  glass 
cylinder  containing  Avater.    (See  p.  235.)    By  multiply- 
ing the  C.  C.  of  nitric  oxide,  calculated  from  the  formula 
(p.  235),  by  2.413,  we  obtain  the  corresponding  number 
of  milligrams  of  nitric  acid  (N^O^).     By  dividing  this 
product  by  the  number  of  C.  C.  of  water  used  in  the  ex- 
periment, we  obtain  the  quantity  of  nitric  acid  in  100,000 
parts  water. 

This  method  is  also  applicable  when  the  water  has  even 
large  quantities  of  organic  matter  in  solution.  Care  must 
be  exercised  that  the  water  employed  contains  at  least  3 
milligrams  of  nitric  acid.  A  rather  large  and  measured 
quantity  should  be  previously  evaporated. 

Determination  of  the  Nitrous  Acid.  TQ-ommsdorf  s 
Method.  If  the  solution  of  a  nitrite  is  mixed  with  potas- 
sium iodide,  a  starch  solution  and  dilute  sulphuric  acid, 
there  is  produced  the  blue  color  of  starch  iodide,*  which 


*  N,03  +  2HI  =  2T  -h  H,0  -f  2N0. 
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is  more  or  less  intense  uceonling  to  tlie  uniount  of  nilmiis 
acid  present. 

If  dilFerent  but  measured  quantities  of  a  solution  of 
potassium  nitrite  of  known  strength  be  added  to  equal 
volumes  of  distilled  water,  the  conditions  being  the  same, 
the  iodine  reaction  can  be  induced  by  the  addition  of 
potassium  iodide,  starch  and  dilute  sulphuric  acid,  and 
the  quantity  of  nitrous  actid  in  the  water  estimated  by  a 
comparison  of  tlie  color  tints. 

As  the  starch  solution  of  potassium  iodide  remains  stable 
but  for  a  short  period,  a  starch  solution  of  zinc  iodide  has 
frequently  been  made  to  replace  it.  The  latter  is  put  in 
closed  vessels  and  kept  in  a  dark  apartment,  where  it  will 
remain  unaltered  for  quite  a  while. 

Besides  the  starch  solution  of  zinc  iodide,  there  is  re- 
quired to  carry  out  this  method  a  solution  of  potassium 
nitrite  of  known  strength. 

To  prepare  the  first,  rub  in  a  mortar  5  grms.  of  starch, 
together  with  a  little  water,  and  add  the  milky  liquid  to  a 
boiling  solution  of  26  grms.  of  zinc  chloride  in  100  C.  C. 
of  water.  Continue  boiling  the  solution  in  a  closed  vessel 
until  all  the  starch  has  been  dissolved.  2  grms.  of  zinc 
iodide  are  now  added,  and  the  whole  diluted  to  1  litre, 
and  filtered.  Before  making  use  of  this  solution,  be  satis- 
fied that  the  addition  of  dilute  sulphuric  acid,  after  the 
previous  dilution  with  water,  causes  no  blue  coloration. 

The  potassium  nitrite  solution  is  prepared  by  precipi- 
tating a  concentrated  solution  of  potassium  nitrite  with 
silver  nitrate,  and  then  filtering  off  the  silver  nitrite.  The 
latter  is  washed,  dissolved  in  the  least  possible  amount  of 
boiling  water,  and  purified  by  recrystallization.  0.406 
grm.  of  crystals  dried  between  blotting  paper  are  dis- 
solved in  hot  water,  and  sodium  or  potassium  chloride 
added  until  there  is  no  longer  a  precipitate  of  silver 
chloride  produced.    The  cold  liquid  without  filtering  off 
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the  silver  chloride  is  diluted  to  1  litre.  When  the  pre- 
cipitate has  fully  subsided,  pipette  out  100  C.  C.  of  the 
clear  solution,  and  dilute  it  with  water  to  1  litre. 

1  C.  C.  of  this  liquid  contains  0.01  milligram  of  nitrous 
acid. 

To  ascertain  the  amount  of  nitrous  acid  in  a  water, 
pour  100  C.  C.  of  the  latter  into  a  narrow  glass  cylinder, 
the  dimensions  of  which  have  been  so  chosen  that  the 
above  volume  will  occupy  a  column  of  18  or  20  Cm,,  and 
add  3  C.  C.  of  a  zinc  iodide  starch  solution  and  1  C.  C.  of 
dilute  sulphuric  acid  (1  :  3).    If  the  iodine  reaction  oc- 
curs immediately  or  after  a  short  time,  the  experiment 
must  be  repeated  with  a  smaller  quantity  of  water  (10  to 
50  C.  C),  diluting  the  latter  to  100  C.  C.  with  distilled 
water,  so  that  the  blue  coloration  only  becomes  visible  af- 
ter some  time.    2  to  4  cylinders  of  the  same  dimensions 
as  those  above  are  now  filled  with  100  C.  C.  water  and  3 
C.  C.  of  a  starch  solution  of  zinc  iodide,  and  1  C.  C.  of 
dilute  sulphuric  acid  added.    The  color  tints  of  the  four 
cylinders  are  contrasted  with  that  of  the  water  under  ex- 
amination.   This  is  most  satisfactorily  done  by  placing 
successively  the  four  cylinders  side  by  side  with  the  one 
under  consideration,  using  a  piece  of  paper  as  a  background, 
and  looking  down  from  above  through  the  liquid  column. 
By  this  means  Ave  may  succeed  in  ascertaining  the  exact 
or  approximate  quantity  of  nitrous  acid  in  the  water  ex- 
amined, if  its  color  tint  agrees  with  that  of  either  one  of 
the  four  cylinders.    When  only  approximate  results  have 
been  reached,  the  experiment  must  be  repeated  with  other 
and  varying  quantities  of  potassium  nitrite,  until  the  color 
tint  obtained  corresponds  perfectly  with  that  of  .  the  water 
being  examined.    It  is  only  when  the  quantity  of  nitrous 
acid  in  100  C.  C.  of  water  is  confined  to  a  limit  of  0.01  or 
0.04  milligram,  that  this  method  affords  reliable  results. 
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Method  of  Feldhnnsen-Kulel.—'V\w  nu'tliod  is  based 
iilion  the  oxidation  of  nitrous  to  nitric  acid  by  nieiins  of 
potassium  perniiinganiite.  An  excess  of  tlie  latter  is  added 
and  tlien  titrated  witli  a  solution  of  ferrous  ammonium 
sulphate.  This  method  of  determination  is  to  be  particu- 
larly recommended  when  the  quantity  of  nitrous  acid  in 
100  C.  C.  exceeds  one  milligram.  Tiie  results,  however, 
are  not  accurate  when  100  C.  C.  of  the  water  contain  less 
than  0.1  to  0.2  milligram  of  nitrous  acid  (Tiemann). 

For  the  decomposition  of  the  nitrous  acid,  normal 
permanganate  solution  is  taken.  This  is  prepared  by 
dissolving  0.34  to  0.3G  grm.  potassium  permanganate  in 
1  litre  of  water.  For  a  ferrous  solution  employ  a  liquid 
containing  3.92  grms.  dry  ferrous  ammonium  sulphate  dis- 
solved in  1  litre  of  water.  The  permanganate  solution  is 
so  standardized  that  1  C.  C.  of  the  same  corresponds  to  1 
C.  C.  of  the  iron  solution,  and  therefore  to  0.19  milligram 
of  nitrous  acid.  The  procedure  is  precisely  analogous  to 
that  described  in  the  standardization  of  the  permanganate 
solution  (p.  75).  100  C.  C.  of  the  water  are  mixed  with 
an  excess  of  the  above  permanganate  solution ;  5  to  20 
C.  C.  are  usually  required,  according  to  the  amount  of 
nitrous  acid  present.  5  C.  C.  of  dilute  (1  :  3)  sulphuric 
acid  are  then  added,  and  the  solution  treated  with  ferrous 
ammonium  sulphate  until  it  becomes  perfectly  colorless. 
"When  an  excess  of  the  iron  solution  has  been  added,  pass 
in  permanganate  from  a  burette  until  a  slight  coloration 
is  perceptible. 

To  avoid  the  decomposition  of  any  organic  matter  con- 
tained in  the  water  by  the  permanganate,  the  maximum 
temperature  of  the  solution  should  not  exceed  25°  C.  A 
temperature  of  at  least  15°  C.  is  necessary  for  the  conver- 
sion of  nitrous  into  niti'ic  acid. 

Determination  of  the  Ammonia.  Method  of  Frankland 
and  Armstrong. — The  method  is  founded  upon  the  de- 
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portment  of  uininonia  and  its  compounds  with  potassium 
mercuric  iodide.  The  quantity  of  the  ammonia  is  deter- 
mined colorimetrically,  i.  e.,  by  the  greater  or  less  colora- 
tion occasioned  by  the  addition  of  potassium  mercuric 
iodide  to  water.  It  is,  of  course,  presumed  that  all  bases 
precipitated  by  a  normal  alkaline  solution  (iron,  calcium 
and  magnesium)  have  been  removed  from  the  water, 
which  is  very  easily  done  by  the  previous  addition  of  some 
sodium  carbonate  and  hydrate  (1  part  sodium  Iiydrate 
free  from  ammonia  and  2  parts  water). 

For  a  comparison  of  the  obtained  color  tints  a  solu- 
tion of  3.147  grms.  dried  ammonium  chloride  in  1  litre  of 
water  will  answer.  Dilute  50  C.  C.  of  this  solution  with 
1  litre  of  water  ;  1  C.  C.  of  the  latter  will  then  correspond 
to  0.05  milligram  ammonia. 

To  prepare  potassium  mercuric  iodide  (Nessler's  Solu- 
tion) dissolve  50  grms.  of  potassium  iodide  in  50  C.  C.  of 
hot  water,  and  add  a  hot  concentrated  solution  of  mer- 
curic chloride  (20  to  25  grms.)  until  a  permanent  red 
precipitate  of  mercuric  iodide  is  produced.  Mix  the  fil- 
trate with  300  C.  C.  of  potassium  hydrate  (1  part  of  po- 
tassium hydrate  in  2  parts  water),  and  dilute  with  water 
to  1  litre. 

The  ammonia  is  estimated  by  pouring  300  C.  C.  of  the 
water  being  examined  into  a  glass  cylinder,  adding  2  C.  C. 
of  sodium  carbonate  and  1  C.  C.  of  sodium  hydrate  (of  the 
above  concentration),  and  shaking  up  well.  When  the 
precipitate  of  the  carbonates  of  the  alkaline  earths  has 
subsided,  transfer  100  C.  C.  of  the  clear  liquid  to  a  tall 
and  narrow  glass  cylinder  (see  Nitrous  Acid  Determina- 
tion), and  pour  into  it  1  C.  C.  of  the  potassium  mercuric 
iodide  solution.  In  case  a  dark  reddish-yellow  or  red 
color  is  produced,  the  ammonia  percentage  is  too  large ; 
therefore  a  smaller  volume  of  the  liquid  (5  to  50  C.  C), 
precipitated  by  sodium  Carbonate,  must  be  diluted  with 
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tlistilleil  wuter  to  100  C.  C,  so  that  the  addition  of  the 
reagent  to  the  liquid  causes  nothing  more  than  a  bright- 
yellow  coloration.  As  for  the  rest,  proceed  as  direct(Hl 
in  the  Nitrous  Acid  Determination  :  100  C.  C.  of  distilled 
water  are  mixed  with  0.2  to  2  C.  C.  of  the  ammonium 
chloride  solution,  and  1  C.  C.  of  potassium  mercuric 
iodide,  then  compare  the  obtained  colors.    (Sec  p.  246.) 

The  method  only  affords  an  accurate  estimation  of  the 
ammonia,  when  the  quantity  of  the  latter  extends  from 
0.005  to  0.1  milligram  in  100  C.  C.  of  water  (Tiemann). 
When  there  is  a  large  percentage  of  ammonia  a  correspond- 
ing amount  of  distilled  water  must  be  previously  added. 

For  another  method  of  determining  ammonia,  see 
Analysis  of  Mineral  Water. 

Determination  of  the  Organic  Substances.^  Method 

of  Kuhel  Is  based  upon  the  oxidation  of  the  organic 

substances  in  acid  solution  by  potassium  permanganate. 
The  excess  of  permanganate  added  is  titrated  with  oxalic 
acid : — 

2KMnO,  4-  5C,H,0^  -|-  3H.,S0^  =  K,SO,  -f  MnSO,-|- 
10CO,  +  8Hp. 


*  A  former  method  for  the  estimation  of  the  organic  sub- 
stances, and  one  which  may,  even  at  the  present  time,  be  in  use, 
consisted  in  evaporating  the  liquid  to  dryness,  drying  the  resi- 
due at  120°  to  140°  C,  and  then  igniting  the  same  to  volatilize 
the  organic  substances,  which  were  estimated  by  the  difference 
in  weiofht.  As  the  carbonates  of  the  alkaline  earths  lose  carbon 
dioxide  upon  being  strongly  ignited,  the  residue  was  moistened 
Avith  ammonium  cai-bomite,  and  dried  at  120°  to  140°  C,  until 
constant  weight  was  obtained.  It  is  very  evident  that  by  the 
ignition  of  the  residue  not  only  the  organic  substances  were  ex- 
pelled, but  also  the  ammonia  compounds,  nitrates,  etc.  A  por- 
tion of  the  calcium  carbonate  would  be  decomposed  by  the 
silicic  acid,  and  the  magnesium  chloride  would  break  up  Into 
magnesia  and  hydrochloric  acid,  etc. 
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Take  a  solution  containing  0.32  to  O.S-t  grm.  crystal- 
lized permanganate  dissolved  in  1  litre  of  water.  This  is 
standardized  with  a  -^^^  normal  oxalic  acid  solution,  having 
0.G3  grm.  pure  crystallized  oxalic  acid  dissolved  in  1  litre 
of  water.  In  the  standardization  of  the  solution  the  con- 
ditions observed  in  the  actual  analysis  must  be  followed. 
Proceed  as  follows  : — 

100  C.C.  of  distilled  water  together  with  5  C.  C.  of  di- 
lute sulphuric  acid  are  brought  and  boiled  in  a  large  flask 
of  about  300  C.  C.  capacity.  Run  in  3  to  4  C.  C.  of  the 
permanganate  solution  from  a  burette,  and  continue  the 
boiling  for  five  minutes,  then  reduce  the  permanganate, 
after  removing  the  lamp  under  the  flask,  with  10  C.  C.  of 
n  normal  oxalic  acid  solution.  Titrate  the  excess  of 
oxalic  acid  with  permanganate,  i.  e.,  to  the  colorless,  warm 
liquid  add  enough  permanganate  to  cause  a  permanent  red 
color. 

In  calculating  the  analysis  it  must  be  remembered  that 
the  10  C.  C.  of  oxalic  acid,  which  were  added,  contain  6.3 
■y^^J^^  grms.  crystallized  oxalic  acid  {C^Bfi^  +  2Ufl),  and  these 
^  correspond  to  3.16  milligrams  of  potassium  permanganate, 
or  8  milligrams  (necessary  for  the  oxidation  of  oxalic  acid 
to  carbon  dioxide)  oxygen. 

When  determining  the  organic  substances  in  Avater  pro- 
ceed just  as  in  the  standardization  of  a  solution.  Take  100 
C.  C.  of  the  water.  It  is  of  course  understood  that  after 
the  addition  of  3  to  4  C.  C.  of  permanganate  the  boiling  will 
cause  the  disappearance  of  the  red  coloration,  and  there- 
fore permanganate  must  be  added  until  this  no  longer 
occurs. 

The  excess  of  permanganate,  Avhich  was  more  than 
necessary  for  the  oxidation  of  10  C.  C.  of  oxalic  acid,  will 
represent  the  quantity  of  permanganate  decomposed  by 
the  organic  matter  in  the  Avater. 
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If  X  roi)rosents  the  number  of  C.  C.  wUicU  corresi.oiul 
to  10  C.  C.  of  the  oxulie  uci.l,  >/  the  C  C.  of  i)ennan-a,n;ite 

deeomposecl  by  the  oi-ganic  matter,  tlien  — ^  will  ex- 

1  0.8.y  ,         .  r 

press  the  parts  of  permanganate,  and      ^  tlie  parts  or 

oxygen  necessary  for  tlie  oxidation  of  the  organic  sub- 
stances contained  in  100,000  parts  of  wat(!r. 

If,  for  example,  100  C.  C.  of  water  require  7.22  C.  C. 
permanganate  for  tlie  production  of  a  permanent  red,  and 
if  this  liquid  Avas  then  decolorized  by  10  C.  C.  of  the  nor- 
mal oxalic  acid  and  3.55  C.  C.  permanganate  then  added; 
and  further,  if  10  C.  C.  of  the  normal  oxalic  acid  solution 
equal  8.5  C.  C.  permanganate  solution,  we  have 
7.2  ^  3.5=  10.7  ;  10.7  —  8.5  =  2.2.  C.  C.  permanganate. 

100,000  parts  of  water  require,  therefore,  for  oxidation  : 
2.2.3.16  =  0.8179  parts  potassium  permanganate,  corre- 

8^5  spending  to  : 

=  0-2070  parts  oxygen.* 

8.5 

If  the  water  under  examination  contains  nitrons  acid, 
this  will  have  a  decomposing  effect  upon  the  permanganate 
(p.  247),  and  therefore  we  must  deduct  for  each  part  of 
nitrous  acid  in  100,000  parts  water,  1.66  parts  potassium 
permanganate.  When  ammonia  or  sulphuric  acid  is 
present,  evaporate  the  water  to  about  |  of  its  original 

*  According  to  Kiibel  and  A¥ood,  5  parts  of  organic  matter 
are  oxidized  by  1  part  of  potassium  permanganate  ;  therefore,  if 
the  excess  of  permanganate  given  in  milligrams  were  multiplied 
by  five,  it  would  give  tlie  amount  of  organic  substances  in  100,000 
parts  of  water.  Tiemann  recently  discovered  this  supposition  to 
be  false.  He  found  that  the  absolute  weight  of  the  non-volatile 
oro-anic  matter  in  different  waters  stood  in  a  different  ratio  to 
the  quantity  of  permanganate  necessary  for  the  oxidation  of  the 
ortranic  matter. 
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volume,  and  replace  the  evaporated  portion  with  distilled 
water  and  then  titrate  the  solution. 

Schuhe's  Method — This  differs  from  the  method  of 
Kubel,  in  that  tlie  oxidation  of  the  organic  material  is 
effected  in  an  alkaline  solution.  After  acidifying  the  red 
colored  liquid  with  sulphuric  acid,  decolorize  it  again  with 
oxalic  acid,  determining  the  excess  of  the  latter  with  per- 
manganate. 

Proceed  as  heretofore,  mixing  the  100  C.  C.  of  the 
water  under  examination  with  ^  C.  C.  sodium  hydrate 
(obtained  from  sodium  and  the  solution  of  1  part  of  sodium 
hydrate  in  2  parts  of  water),  and  then  add,  according  to 
the  amount  of  organic  matter  present,  10  to  15  C.  C.  of  a 
permanganate  solution.  The  liquid  is  boiled  about  ten 
minutes  (must  remain  red  in  color),  and  after  cooling  to 
50°  to  60°  C,  5  C.  C.  of  dilute  sulphuric  acid  (1 :  3)  and 
10  C.  C.  of  the  normal  oxalic  acid  are  added.  The  colorless 
liquid  is  again  mixed  with  permanganate  until  the  red 
color  is  permanent.    Calculate  as  before. 

As  regards  the  management  of  the  final  results,  it  is 
certainly  the  best  to  calculate  the  constituents  in  the  un- 
combined  state,  that  is,  to  simply  give  the  amounts  of 
chlorine,  sulphuric  acid,  nitric  and  nitrous  acids,  silicic 
acid,  also  the  quantities  of  calcium,  magnesium,  potassium, 
sodium,  &c.  in  100,000  parts  of  water. 

Every  combination  of  the  acids  present  Avith  the  oxides 
is  more  or  less  ai-bitrary.  In  this  connection  1  will  merely 
mention  that  generally  chlorine  unites  first  with  sodium 
(to  form  sodium  chloride)  and  then  with  potassium.  If 
any  chlorine  remains  it  may  be  regarded  as  combined 
with  calcium.  When  there  is  sufficient  chlorine  to  com- 
bine with  the  sodium  and  potassium,  the  remaining  alka- 
lies can  be  regarded  as  sulphates.  The  remainder  of  the 
sulphuric  acid  is  joined  with  calcium  (CaSOJ,  and  the 
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rest  of  the  calcium  and  magnesium  calculated  as  carbon- 
ates. Nitric  acid  when  present  is  generally  joined  witli 
ammonia,  and  then  with  calcium.  Nitrous  acid  is  also 
combined  with  tiie  ammonia.  When  large  quantities 
of  iron  are  present  it  may  be  regarded  as  combined  with 
the  carbon  dioxide  (FeCOg).  The  silica  is  recorded  as 
uncombined. 

Mineral  Water. 

1.  WoKK  AT  THE  Spring. 

The  physical  properties  are  first  learned,  the  appear- 
ance, smell  and  taste  of  the  water  noted,  also  the  quantity 
of  the  latter  determined  which  flows  within  a  minute  from- 
the  efflux  tube,  and  the  temperature  of  the  water  as  well 
as  that  of  the  air  recorded.  It  is  also  necessary  to  ascer- 
tain what  action  it  gives  with  red  and  blue  litmus  paper, 
and  whether  the  change  of  color  in  the  paper  remains  upon 
drying.  If  spongy  deposits  or  solid  sinter  are  found  in 
the  spring  or  efflux  pipe,  samples  of  these  are  collected 
and  placed  in  closed  bottles  for  future  investigation. 

Determination  of  the  Hydrofien  Sulphide — When  a 
portion  of  the  water  has  been  acidified  with  dilute  sul- 
phuric acid  and  shaken  up  in  a  flask  not  entirely  full,  the 
presence  of  this  gas  is  detected  very  readily  by  its  odor, 
or  by  the  decolorization  of  paper  slightly  blued  with  starch 
iodide. 

The  quantity  of  the  hydrogen  sulphide  is  estimated  with 
an  iodine  solution  of  known  strength.* 

*  HjS-f-2l=2HI-i-S.   This  decomposition  only  occurs  when 
the  quantity  of  hydrogen  sulphide  does  not  exceed  0.04  per 
cent.    AVhen  this  is  the  case  a  measured  quantity  of  the  water 
is  mixed  with  a  sufficient  amount  of  boiled  distilled  water. 
22 
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Use  an  iodine  solution  containing  1  grm.  iodine  (dis- 
solved in  potassium  iodide,  p.  96)  to  the  litre.  Measure 
off  a  quantity  of  water,  mix  it  Avitli  acetic  acid  and  a  dilute 
solution  of  I'resldy  prepared  starch,  and  while  stirring  tlie 
li(piid  pass  from  a  burette  drop  by  drop  the  iodine  solution 
until  the  blue  color  of  starch  iodide  remains  permanent. 
Having  in  this  manner  ascertained  how  much  iodine  solu- 
tion is  necessary  for  the  decomposition  of  the  hydrogen 
sulphide,  it  would  be  well  to  repeat  the  experiment  in  such 
a  manner  that  almost  the  entire  quantity  of  the  required 
starch  solution  is  poured  in  a  beaker  glass  and  mixed  with 
an  equal  quantity  of  mineral  water.    Add  to  the  colorless 
liquid  a  few  drops  of  acetic  acid  and  some  starch,  and 
allow  sufficient  iodine  solution  to  enter  from  the  burette  to 
produce  a  blue  coloration  in  the  liquid. 

There  only  remains  yet  to  learn  how  much  iodine  solu- 
tion is  necessary  to  color  in  a  like  manner  an  equal  volume 
of  distilled  water,  and  deduct  this  quantity.  The  sulphur 
in  warm  mineral  springs  can  only  be  determined  with  an 
iodine  solution  after  the  water  has  become  perfectly  cool. 
Although  the  cooling  can  be  hastened  very  much  by  sink- 
ing the^flask  in  cold  water,  yet  the  quantity  of  air  which 
the  mineral  water  absorbs  upon  filling  is  sufficient  to  de- 
compose a  certain  amount  of  the  sulphur  compounds.  It 
is  therefore  advisable  to  previously  fill  the  flask  to  be  used 
with  carbon  dioxide,  and  first  remove  the  stopper  when 
the  vessel  is  immersed  beneath  the  sui-face  of  the  water. 

To  estimate  the  hydrogen  sulphide  volumetrically,  two 
portions  of  the  water  are  mixed  with  a  solution  of  silver 
chloride  in  sodium  hyposulphite  and  ammonium  hydrate 
added  to  this  and  the  flasks  then  carefully  closed  with  glass 
stoppers.  The  precipitate  produced  is  subsequently  filtered 
ofi'  in  the  laboratory  and  oxidized  with  bromine  water. 
In  the  filtrate  from  the  silver  bromide,  after  expelling  the 
bromine,  determine  the  sulphuric  acid  as  barium  sulphate 
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(p.  15).*  Aqua  regia  may  replace  bromine  in  Üw.  oxi- 
dation of  tlie  silver  sul[)hide. 

When  large  quantities  of  hydrogen  sulpliide  are  present 
in  mineral  waters,  in  order  to  render  an  accurate  determi- 
nation of  the  sulphuric  acid  possible,  we  must  either  boil  two 
portions  of  the  water  immediately  at  the  spring,  adding 
some  hydrochloric  acid,  or  if  this  cannot  be  done,  precipi- 
tate the  sulpluu-  conipoiuids  in  tlic  water  m  closed  ilasks, 
witli  cadmium  cldoride.  Tlie  sulphuric  acid  is  then  after- 
wards determined  in  the  filtrate  from  the  cadmium  sul- 
phide. The  precipitate  formed  by  tlie  cadmium  chloride 
may  also  be  used  to  determine  tlie  total  amount  of  sul- 
phur combined  with  hydrogen  or  metal.  Oxidize  it  with 
fuming  nitric  acid,  and  determine  the  sulpliuric  acid  in 
the  usual  manner  after  evaporating  the  excess  of  nitric 
acid. 

In  case  hyposulphurous  acid  is  present,  it  may  be  esti- 
mated in  the  filtrate  from  the  cadmium  sulphide.  Two 
fresh  portions  of  the  water  are  mixed  with  a  cadmium 
solution  and  the  warmed  filtrate  mixed  with  an  excess  of 
a  silver  nitrate  solution.  The  precipitate — silver  sulphidef 
and  chloride— is  filtered  off,  and  the  latter  dissolved  in 
ammonium  hydrate  and  the  sulphide  in  nitric  acid.  After 
evaporating  the  excess  of  the  latter  acid,  the  silver  in  the 
solution  is  estimated  as  chloride.  1  mol.  silver  chloride 
corresponds  to  1  mol.  of  hyposulphurous  acid. 

Determination  of  the  Ferrous  Oxide — A  permanganate 
solution  is  here  required  which  contains  about  0.6  grm. 
crystallized  permanganate,  the  strength  of  which  has  been 
previously  determined,  then  acidify  about  500  C.  C.  of  the 


*  Some  springs  yield  a  higher  percentage  of  hydrogen  sul- 
phide by  this  method  than  by  titration  with  an  iodine  solution, 
t  Ag,S,0,  +  H,0  =  Ag,S  +  H,SO,. 
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water  with  dilute  sulpliuric  acid,  and  add  tlie  permanganate 
until  the  known  reaction  occurs.  For  this  purpose  the 
beaker  glass  is  placed  upon  a  piece  of  white  paper,  and 
the  color  observed  by  looking  through  the  liquid  from 
above.  It  is  also  necessary  to  know  how  many  C.  C.  of 
permanganate  are  consumed  to  produce  the  same  color 
tint  in  an  equal  quantity  of  distilled  water,  and  subtract 
this  amount  from  the  number  of  C.  C.  taken  for  the  oxida- 
tion of  the  ferrous  oxide. 

This  method  is  not  applicable  when  the  mineral  water 
under  examination  contains  hydrogen  sulphide  ;  then  the 
iron  must  be  determined  gravimetrically.  (See  below.) 

Determinoiion  of  the  Total  Carbon  Dioxide* — For 
this  estimation  take  a  solution  of  1  part  crystallized  cal- 
cium chloride  in  5  parts  of  water  containing  10  parts  of 
ammonium  hydrate.    This  mixture  should  be  prepared 
several  weeks  before  being  used,  and  preserved  in  a  well- 
sealed  flask.    According  to  the  quantity  of  carbon  dioxide 
present,  the  measuring  flask  of  200-1000  C.  C,  filled  with 
mineral  water,  is  sunk  as  far  as  possible  beneath  the  sur- 
face of  the  liquid,  and  the  water  sucked  from  the  flask  by 
means  of  a  rubber  tubing ;  this  will  enable  one  to  fill  the 
vessel  with  water  from  the  lowest  depths.  For  transporta- 
tion this  is  then  poured  into  a  second  flask  intended  for 
this  purpose,  and  which  contains  sufficient  of  the  clear 
calcium  chloride  solution  to  combine  with  the  carbon 
dicpcide.    Rinse  out  the  measuring  flask  with  small  quan- 
tities of  boiled  distilled  water.    Several  such  flasks  are 
filled  in  a  like  manner  and  carefully  corked.    This  is  best 
effected  by  using  corks  covered  with  caoutchouc,  which  is 
previously  moistened  with  water  (Bunsen). 

*  For  the  determination  of  absorbed  gases,  etc.,  found  ui 
water,  see  Bunsen's  "  Gasometrische  Methoden." 
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Determination  of  the  Specific  Gravity.— In  mincnil 
waters  rich  in  gases  it  is  best  to  prepare  for  the  spccittc 
gravity  determination  at  tlie  spring.  For  this  purpose 
flasks  of  200-400  C.  C.  capacity  are  used  (Fig.  25).  Tiiis 


Fig.  25. 


method  of  procedure  was  proposed  by  Fresenius.  The 
neck  of  the  flask  is  drawn  out  into  a  tube  50  Mm.  long 
and  5-6  Mm.  wide,  upon  which  a  millimeter  scale  is 
etched.  The  mouth  is  round  and  can  be  closed  air-tight 
with  a  caoutchouc  cork.  To  fill  the  flask  close  it  with  the 
thumb,  immerse  it  as  far  as  possible  beneath  the  water 
surface,  and  allow  enough  water  to  enter  to  fill  it  to  about 
the  middle  of  the  neck.  The  mouth  is  again  covered 
with  the  thumb,  the  flask  removed  from  the  spring,  and 
immediately  closed  with  the  caoutchouc  cork,  which  for 
safety  is  wound  around  with  a  piece  of  cord. 


22* 
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Filling  the  Flasks. 

Wine  or  mineral  water  flasks  are  usually  employed  for 
the  transportation  of  the  water  under  examination  to  the 
laboratoiy.  These  are  dipped  as  far  below  the  surface 
of  the  liquid  as  possible,  the  water  poured  out,  and  the 
flasks  refilled.  The  latter  are  corked  with  stoppers  covered 
with  caoutchouc.  That  portion  of  the  cork  extending  be- 
yond the  neck  of  the  flask  is  cut  off,  and  when  dry,  sealed. 

To  estimate  those  substances  existing  in  small  quantities 
in  the  water,  fill  several  large  flasks  with  the  same. 

2.  The  Analysis. 

Determination  of  the  Specific  Gravity — If  preparations 
for  this  have  already  been  made  at  the  spring,  the  flask 
used  there  is  placed  side  by  side  with  another  filled  with 


Fig.  26. 


distilled  water,  and  both  allowed  to  stand  for  at  least 
twelve  hours  in  a  suitable  room,  so  that  the  temperature 
of  both  liquids  becomes  the  same.    The  height  of  the 
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li(iui(l  in  tlie  first  gliiss  is  noted  and  its  wciglit  then  ascer- 
tained. Empty  it  and  rinse  it  with  distilled  water  from 
the  second  flask,  and  then  refill  with  the  same  li(inid  to 
the  height  noted  before.  There  now  remains  merely  the 
determination  of  the  weight  of  the  empty  flask,  for  Avhicli 
pnrpose  it  is  rinsed  ont  with  alcohol  and  ether,  then  dried. 

It  is  of  course  understood  that  the  flask  containing  either 
mineral  or  distilled  water  is  not  to  be  put  upon  the  balance 
until  the  exterior  has  been  carefully  dried  with  bibulous 
paper  and  cleaned. 

If  it  was  not  necessary  to  make  any  preparations  at  the 
spring  for  the  specific  gravity  determination,  it  must  be 
performed  with  aid  of  an  ordinary  piknometer  (see  Fig. 
26),  using  for  this  purpose  the  water  from  one  of  the 
flasks  which  were  filled  at  the  spring. 

Determination  of  the  Total  Carbon  Dioxide  Use  for 

this  purpose  the  precipitate  produced  at  the  well  by  the 
calcium  chloride.  If  a  sufficient  interval  has  elapsed  be- 
tween the  precipitation  at  the  well  and  the  time  of  analy- 
sis, so  that  the  originally  amorphous  precipitate  has  be- 
come crystalline,  the  filtration  (through  a  plaited  or  ribbed 
filter)  can  occur  immediately,  while  otherwise  the  flasks 
must  be  warmed  for  some  time  upon  the  water-bath.  The 
corks  are  then  loosely  fitted  to  prevent  bursting  of  the 
flasks  through  the  pressure  induced  by  heating.  The  pre- 
cipitate is  rinsed  into  a  small  flask,  and  the  carbon  dioxide 
determined  according  to  page  33. 

As  a  measured  quantity  of  water  was  taken  at  the 
spring  for  the  precipitation  of  the  carbon  dioxide  in  the 
calculation  of  the  amount  of  the  same  in  the  water,  the 
sp.  gl-,  of  the  latter  must  be  regarded.  To  find  the  abso- 
lute weight  of  the  water,  it  is  only  necessary  to  multiply 
the  employed  volume  expressed  in  C.  C.  by  the  specific 
gi-avity. 
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Determination  of  the  Total  Carbon  Dioxide  in  Mineral 
Waters  Supersaturated  with  it — Sometimes  the  case  oc- 
curs that  the  carbon  dioxide  in  flasks  and  other  vessels 
containing  the  mineral  water  must  be  estimated;  then  not 
only  the  portion  of  carbon  dioxide  retained  in  the  water 
by  pressure,  but  also  that  remaining  after  the  removal  of 
this  force  is  determined.  Employ  a  sharp  cork  borer 
closed  above  with  a  perforated  caoutchouc  cork  for  this 
purpose.    (See  Fig.  27.) 


Fig.  27. 


A  small  round  aperture  is  made  at  a.  To  better  regu- 
late the  flow  of  the  liberated  gas  stream,  the  glass  tube 
bent  at  right  angles  is  provided  at  h  with  a  thumb-screw. 
The  cork  bore  is  pressed  through  the  cork  until  the  opening 
at  a  is  below  the  latter.  The  gum  tubing  at  h  is  connected 
with  an  aspirator  (p.  34),  and  a  slow  stream  of  carbon 
dioxide  is  allowed  to  escape  in  the  apparatus  by  a  gradual 
opening  of  the  thumb-screw.  As  soon  as  the  bubbles  of 
carbon^dioxide  cease  to  ascend  in  the  liquid,  pour  out  the 
contents  of  the  previously  tared  flask  into  a  solution  of 
calcium  chloride  in  order  to  determine  the  carbon  dioxide 
remaining  in  the  water.    Proceed  then  as  before. 
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Determination  of  the  Total  Amount  of  Solid  Constitu- 
ents.— A  flask  is  ßlled  at  the  spring  and  tared,  its  contents 
then  poured  into  a  phitinum  dish,  and  evaporated  on  a 
water-bath.  Water  rieli  in  gas  must  be  heated  carefully, 
and  it  is  advisable  after  each  "  fiUing-in"  to  cover  the  dish 
with  a  watch  glass,  until  bubbles  of  carbon  dioxide  no 
longer  escape. 

The  empty  flask  is  rinsed  out  several  times  with  dis- 
tilled water  and  then  reweighed.  The  residue  in  the 
platinum  dish  after  the  evaporation  of  the  liquid  is  dried 
in  an  oil  bath  until  the  weight  is  constant. 

By  converting  the  weighed  salts  into  sulphates  (by  treat- 
ment with  dilute  sulphuric  acid  and  igniting  with  ammo- 
nium carbonate,  p.  37),  and  taking  the  weight,  this  will 
serve  as  a  control  for  the  analysis.  This  must,  of  course, 
agree  with  the  weight  which  is  obtained  when  the  found 
constituents  (potassium,  sodium,  calcium,  etc.,  iron  ex- 
cepted) are  calculated  as  sulphates,  deducting,  however, 
the  feiTic  oxide,  silicic  and  phosphoric  acids. 

Determination  of  the  Sulphuric  Acid — According  to 
the  quantity  of  sulphates  present  (ascertained  previously 
by  qualitative  testing),  the  contents  of  one  or  several 
flasks  are  employed.  In  the  latter  instance  the  water  is 
concentrated,  with  addition  of  hydrochloric  acid,  previous 
to  the  precipitation  with  barium  chloride.  For  the  esti- 
mation of  the  sulphuric  acid  in  mineral  waters  containing 
hydrogen  sulphide,  see  page  2.55. 

Determination  of  the  Chlorine  Proceed  as  directed 

on  page  240.  Bunsen  suggests,  instead  of  converting  the 
silver  produced  by  the  incineration  of  the  filter  into  chlo- 
ride, that  the  filter  be  reduced  upon  a  weighed  platinum 
wire,  and  the  increase  in  weight  of  the  latter  ascertained. 

When  bromine  and  iodine  are  present  in  mineral  water, 
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they  will  be  precipitated  together  with  the  chlorine,  and 
must  subsequently  be  deducted  from  it. 

Determination  of  Bromine,  Iodine,  Fluorine  and  Boron 
(Boracic  Acid). — As  these  elements  occur  usually  in  very 
minute  quantities,  and  as  a  larger  amount  of  water  must 
be  evaporated  for  their  determination,  the  estimation  ot 
each  can  be  satisfactorily  made  in  the  same  portion  of 
water.    The  contents  of  a  large  flask  filled  at  the  spring 
are  evaporated,  care  being  taken  that  the  Avater,  by  suc- 
cessive additions  of  sodium  carbonate,  continually  shows 
a  slightly  alkaline  reaction.    This,  however,  is  not  neces- 
sary when  the  water  belongs  to  the  class  of  alkaline  min- 
eral waters.    The  residue  is  repeatedly  digested  with 
larger  quantities  of  distilled  water,  and  the  insoluble  por- 
tion transferred  to  a  filter.    The  latter  contains,  besides 
the  alkaline  earths  and  magnesia,  ferric  oxide,  manganese 
oxide,  silicic  acid,  etc.,  and  all  the  fluorine  as  calcium  fluo- 
ride.   Treat  this  residue  with  dilute  hydrochloric  acid  to 
dissolve  the  carbonates  of  the  alkaline  earths,  and  also  the 
oxides,  iron,  manganese,  etc.    Fuse  the  insoluble  portion 
(sulphates  of  the  alkaline  earths,  calcium  fluoride  and  sili- 
cic acid)  in  a  platinum  crucible  with  sodium  carbonate. 
The  aqueous  extract  contains,  together  with  sodium  sili- 
cate, all  the  fluorine  as  sodium  fluoride,  whilst  the  alkaline 
earths  remain  as  insoluble  carbonates.    For  the  separation 
of  the  silicic  acid,  and  the  determination  of  the  fluorine  as 
calcium  fluoride,  proceed  as  given  upon  page  116. 

The  aqueous  solution  obtained  by  digesting  the  residue 
left  after  evaporation  (the  filtrate  from  the  carbonates  and 
sulphates  of  the  alkaline  earths)  is  employed  in  the  deter- 
mination of  the  boracic  acid,  iodine  and  bromine,  and  di- 
vided into  three  weighed  portions.  To  estimate  the  boracic 
acid,  one  portion  is  acidified  with  hydrochloric  acid, 
then  about  1  grm.  magnesium  chloride  and  some  ammo- 
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nium  cliloridc  rtdilccl,  and  the  whole  supersaturated  witli 
ammonium  carbonate.  The  liquid  is  evaporated  to  dry- 
ness in  a  platinum  dish,  and  ammonium  hydrate  added 
from  time  to  time  during  the  evaporation,  so  that  the 
solution  continually  yields  an  alkaline  reaction  ;  finally 
ignite  the  residue,  consisting  of  boracic  acid,  magnesium 
chloride  and  magnesia.  This  is  now  repeatedly  lixiviated 
with  hot  water,  and  the  filtrate  (to  obtain  the  last  traces 
of  boracic  acid)  again  brouglit  to  dryness,  after  adding 
magnesium  chloride,  and  ammonium  chloride  and  hydrate. 
The  residue  as  thus  obtained,  after  repeated  extraction 
with  water,  is  transferred,  together  with  the  first — also 
well  washed — residue,  to  a  platinum  crucible,  evaporated 
several  times  with  small  quantities  of  water,  and  finally 
ignited  and  weighed.  A  small  portion  of  the  substance  is 
noAV  tested  qualitatively  for  boracic  acid.  When  the  lat- 
ter is  present,  divide  the  residue  into  two  parts,  dissolving 
the  one — larger  portion — in  cold  nitric  acid,  and  precipi- 
tating the  chlorine  as  silver  chloride,  while  the  second 
portion  is  dissolved  in  hydrochloric  acid,  and  the  magne- 
sium estimated  as  magnesium  pyrophosphate  (p.  16). 
(Bunsen.) 

If  A  represents  the  weight  of  the  mixture,  consisting 
of  boracic  acid,  magnesium  chloride,  and  magnesia,  B  the 
weight  of  the  obtained  silver  chloride,  C  the  weight  of  tlie 
obtained  Mg^PjO,,  and  x  the  required  amount  of  boracic 
acid,  then  : 

x-A  B  C 

or  x  =  A_0.19142  B_-0.36037  C. 

To  determine  the  iodine  in  the  second  portion  of  the 
aqueous  solution,  ditferent  methods  may  be  pursued. 
"When  the  quantity  of  iodine  is  to  any  degree  large,  it  is 
precipitated  as  palladious  iodide  (Pdlj).  Acidify  the 
liquid  slightly  with  hydrochloric  acid,  and  add  palladious 
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chloride  oi-  nitrate  until  tlie  precipitation  is  complete.  The 
palkidious  iodide,  after  standing  48  hours,  is  transferred  to 
a  weighed  filter  dried  at  80°  C,  washed  with  warm  water 
and  dried  again  at  80°  C.  until  the  weight  becomes  con- 
stant.   The  precipitate  is  ignited  in  a  porcelain  crucible, 
and  the  quantity  of  iodine  calculated  fi-om  the  residual 
palladium.     When  only  small  quantities  of  iodine  are 
present,  the  following  methods  are  preferable.  Acidify 
the  liquid  slightly  with  hydrochloric  acid,  and  separate 
out  the  iodine  by  means  of  a  few  drops  of  a  solution  of 
hyponitric  acid  in  sulphuric  acid,  or  with  fuming  sulphuric 
acid,  and  shake  the  liquid  with  carbon  disulphide  for  some 
time  in  a  closed  vessel.    When  the  iodine  has  been  fully 
dissolved,  pour  off  the  supernatant  liquid,  wash  out  the 
carbon  disulphide  solution  and  rinse  it  into  a  small  glass 
provided  with  a  cork.    A  very  dilute  solution  of  sodium 
hyposulphite  is  allowed  to  pass  in  drop  by  drop,  and 
stirred  well  after  each  addition,  until  the  violet  coloration 
of  the  liquid  first  disappears.    The  strength  of  the  sodium 
hyposulphite  is  similarly  determined,  by  shaking  a  few 
C.  C.  of  an  iodine  solution  of  known  strength  (about 
normal  solution)  with  carbon  disulphide,  and  this  then 
decolorized  with  sodium  hyposulphite.    Bunsen  uses  chlo- 
rine water  of  known  strength  for  the  separation  and  simul- 
taneous determination  of  the  iodine.    For  the  estimation 
of  minute  quantities  of  iodine,  the  chlorine  water  saturated 
at  the  ordinary  temperature  is  diluted  to  20  times  its 
bulk  with  water,  and  for  larger  quantities  with  double  its 
volume  of  water.     The  strength  of  this  solution  is  so 
determined  that  a  measured  portion  of  it  (of  the  dilute 
chlorine  water  100  to  150  C.  C,  and  of  the  concentrated 
about  40  C.  C.)  is  passed  into  potassium  iodide,  and  the 
iodine  that  separates  estimated  with  sodium  hyposulphite 

(P-96)-  .     •  • 

Acidify  the  liquid  with  hydrochloric  acid  and  mix  m 
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enough  chloroform  so  thut  upon  sluiking  (in  a  closed  tube) 
some"c.  C.  of  it  remain  undissolved,  and  tlien  add  chlo- 
rine drop  by  drop,  shaking  the  liquid  violently  after  each 
addition.  This  is  continued  until  the  violet  color  in  the 
chloroform  just  disappears,  or  the  yellow  coloration  pro- 
duced by  the  separation  of  bromine  just  appears. 

By  employing  palladium  nitrate  for  the  precipitation  of 
the  iodine  as  palladious  iodide,  the  filtrate  may  be  used  for 
determining  the  bromine;  it  is,  however,  necessary  to 
remove  previously  almost  all  the  chlorine.  Mix  the  liquid 
with  sodium  carbonate  to  alkaline  reaction,  evaporate  to 
almost  perfect  dryness  upon  a  water-bath,  and  repeatedly 
extract  the  residue  with  warm  absolute  alcohol.  The 
alcoholic  solution  contains  the  entire  quantity  of  bromine 
(combined  with  the  potassium  or  sodium),  together  with 
small  quantities  of  alkaline  chlorides.  Expel  the  alcohol 
by  heating,  and  add  a  few  drops  of  sodium  hydrate.  Now 
acidify  with  nitric  acid  and  precipitate  the  bromine  and 
chlorine  by  the  addition  of  silver  nitrate.  The  amount  of 
bromine  can  be  readily  ascertained  by  the  loss  in  weight 
which  occurs  when  the  weighed  precipitate  is  heated  in  a 
bulb-tube,  and  a  stream  of  chlorine  gas  is  passed  over  it, 
until  there  is  no  longer  a  diminution  in  weight,  and  all  the 
bromine  replaced  by  chlorine. 

We  can  estimate  the  bromine  in  the  same  liquid  if  the 
iodine  has  been  before  separated  by  pure  hyponitric  acid 
and  sulphuric  acid,  without  the  addition  of  nitric  acid. 
The  bromine  will  then  be  contained  in  the  liquid  poured 
from  off  the  carbon  disulphide.  Its  determination  in  the 
presence  of  chlorine  has  already  been  mentioned. 

Bunsen  also  makes  use  of  titrated  chlorine  water  for  its 
determination.  A  third  portion  of  the  solution  (see  above) 
almost  neutralized  with  sodium  carbonate,  and  boiling  in 
a  porcelain  dish,  is  evaporated  to  incipient  crystallization, 
then  slightly  acidified  with  hydrochloric  acid,  and  chlo- 
23 
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rine  water  allowed  to  enter  the  boiling  solution,  drop  by 
drop,  from  a  burette  immediately  above  the  surface  of 
the  liquid.  Both  bromine  and  iodine  are  liberated,  color- 
ing the  liquid  yellow,  and  are  volatilized  by  continued 
boiling.  As  soon,  however,  as  the  liquid  resumes  its 
colorless  condition,  add  a  fresh  quantity  of  chlorine  Avatcr, 
and  continue  doing  so  until  this  no  longer  causes  a  colora- 
tion in  the  liquid. 

We  can  find  the  amount  of  bromine  if  we  deduct  the 
C.  C.  corresponding  to  the  iodine  from  the  C.  C.  of  chlo- 
rine water  employed,  and  calculate  the  difference  for  bro- 
mine. 

If  the  original  liquid  is  colored  by  organic  matter  held 
in  solution,  it  is  evaporated  in  a  platinum  dish,  with  ad- 
dition of  sodium  hydrate,  and  the  residue  then  ignited  in 
a  silver  crucible. 

Determination  of  the  Nitric  Acid.— The  estimation  is 
made  as  directed  on  page  242.  The  determination  of  the 
nitric  acid  and  ammonia  may  be  combined.  The  residue 
(see  further  on)  left  after  the  expulsion  of  the  ammonia  by 
sodium  or  potassium  hydrate  may  be  used,  and  the  nitric 
acid  converted  by  warming  with  zinc  into  ammonia  :— 
KNO,  +  7NaOH  -f  4Zn=  (3ZnNa,0,  +  ZnNaKO,)  + 

+  NH3. 

Concentrate  the  retort  contents  still  further.  The  de- 
composition with  zinc  dust  is  begun  and  the  mixture  of 
ammonia  and  water  caught  in  a  receiver  containmg  dilute 
hydrochloric  acid.  (See  p.  38.)  (Bunsen  uses  4  to  6 
zinc  iron  spirals  instead  of  the  zinc  dust.  These  can 
easily  be  made  by  winding  strips  of  zinc  and  iron  around 
a  glass  rod.  They  are  cleaned  with  hydrochloric  acid 
and  water  before  being  used.)  After  a  lapse  of  twelve 
hours  heat  the  retort  on  a  water-bath,  until  the  liberation 
of  -as  ceases,  dilute  with  water  and  continue  heating  over 
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a  free  flame  until  about  luilf  the  contents  have  been  dis- 
tilled off. 

As  already  mentioned  on  page  39,  the  ammonia  may 
be  conducted  into  a  measured  volume  of  normal  oxalic 
acid  (in  this  instance  J  ^  normal  oxalic  acid  is  sufficient), 
and  that  portion  of  the  acid  not  neutralized  with  ammonia 
may  be  titrated  with  ammonium  or  sodium  hydrate.  (See 
Analysis  of  Soda.) 
If,  in  this  instance, 

t  represents  the  number  of  C.  C.  of  oxalic  acid  used 

in  the  experiment, 
a  the  weight  of  acid  {C ^^fi contained  in 
one  C.  C, 

the  number  of  C.  C.  of  neutralized  acid  in  the  re- 
ceiver after  the  dilution,  then  the  water  will  con- 

.  . 

tain   Q  H  Q  -{,2H  O"  grms.  nitric  acid. 

Determination  of  the  Ammonid — 1000  to  2000  grms. 
of  water  are  taken  for  this  estimation.  These  are  before- 
hand concentrated  with  addition  of  hydrochloric  acid  to 
a  small  bulk,  either  in  platinum  or  porcelain  vessels.  Fol- 
low the  method  on  page  37. 

Determination  of  Calcium,  Strontium,  Barium,  Mag- 
nesium., Iron,  Manganese,  Aluminum,  and  Phosplioric 
and  Silicic  Acids.  (  Organic  Matter.') — About  5000  grms. 
of  water*  are  acidified  with  hydrochloric  acid  and  then 
evaporated  to  dryness  in  a  platinum  dish.  The  precau- 
tions already  given  above  should  be  strictly  followed. 
(See  Determination  of  Solid  Constituents.)    Tlie  emptied 


*  Tlie  amount  of  water  to  be  evaporated  depends  upon  the 
quantity  of  solid  constituents ;  so  that  for  this  purpose  greater 
or  less  quantities  are  employed. 
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flasks  should  always  be  rinsed  out  with  dilute  hydrochloi-ic 
acid  and  water,  because  if  they  have  stood  any  time  cal- 
cium carbonate  would  very  probably  have  separated  out, 
and  also  ferric  oxide  in  case  this  was  present. 

The  perfectly  dry  residue  must  be  heated  to  about  120° 
C.  to  effect  the  complete  separation  of  the  silicic  acid, 
then  moistened  with  hydrochloric  acid,  warmed  on  a  water 
bath  and  dissolved  in  water.  The  silicic  acid  remains  in- 
soluble, and  after  filtering,  washing  and  drying  it  is  ignited 
and  weighed  (p.  124).  If  it  is  discolored  by  any  organic 
material,  treat  after  ignition  with  pure  alcohol  and  ether. 
After  the  evaporation  of  these  solvents  the  residue  is 
weighed  and  regarded  as  "  organic  substance."* 

The  purity  of  the  silicic  acid  is  tested  by  treating  it  with 
hydrofluoric  acid  or  ammonium  fluoride,  and  the  residual 
traces  of  barium  or  strontium  sulphate  (titanic  acid) 
brought  into  solution  and  added  to  the  rest  of  the  liquid. 

The  filtrate  from  the  silicic  acid  is  warmed  with  addi- 
tion of  nitric  acid,  and  the  aluminum,  ferric  oxide  and 
phosphoric  acid  precipitated  by  ammonium  hydrate  (best 
in  a  platinum  dish).    The  precipitate  (I.)  is  imperfectly 
washed  with  hot  water,  redissolved  in  hydrochloric  acid, 
when  there  generally  remains  a  residue  of  insoluble  silicic 
acid  (p.  131),  and  the  precipitation  of  the  aluminum,  etc. 
with  ammonium  hydrate  is  repeated,  in  the  filtrate  from 
the  same.    Berzelius'  method  may  be  employed  in  the 
separation  of  the  ferric  oxide,  alumina  and  phosphoric 
acid     The  precipitate  is  fused  in  a  platinum  crucible, 
with  six  times  its  quantity  of  a  mixture  of  6  parts  sodium 
carbonate  and  H  P^^ts  of  silica,  and  the  fused  mass 
treated  with  water.    The  aqueous  solution  will  contain 
besides  the  silicic  acid,  the  excess  of  sodium  carbonate. 


*  For  the  dctermiiifition  of  the  organic  matter  by  the  ignition 
of  the  residue  left  upon  evaporation,  sec  page  249,  remai-k. 
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and  all  the  pliosplioric  acid  combined  with  sodium.  Tlie 
silicic  acid  is  separated  by  warming  the  liquid  with  ammo- 
nium carbonate  and  evaporating  the  filtrate  with  hydro- 
chloric acid  to  dryness  in  a  platinum  dish.  Add  to  the 
filtrate  an  excess  of  pure  (free  from  aluminum)  potassium 
hydrate  and  filter  oft'  the  ferric  oxide  after  digesting  the 
solution  for  some  time  on  a  water  bath.  After  washing 
with  hot  water  dissolve  the  precipitate  in  hydrochloric 
acid,  precipitate  again  with  ammonium  hydrate,  wash,  dry 
and  ignite. 

To  remove  the  aluminum  from  the  potassium  hydrate 
solution  acidify  the  latter  with  hydrochloric  acid  and  add 
ammonium  hydrate  (p.  37). 

The  liquid  from  (I.)  precipitate  is  transferred  to  a  flask 
of  suitable  size,  and  the  manganese  thrown  down  with  am- 
monium sulphide  added  in  slight  excess  (Precipitate  II.). 
To  prevent  the  separation  of  calcium  carbonate  from  the 
liquid  upon  standing,  fill  the  flask  with  boiled  water  and 
cork  it.  The  manganese  sulphide  may,  however,  contain 
slight  traces  of  calcium  carbonate  ;  dissolve  it,  therefore, 
in  acetic  acid  (any  zinc,  cobalt  or  nickel  that  may  be  pre- 
sent will  be  insoluble)  and  repeat  the  precipitation  as 
before.    This  second  filtrate  is  added  to  the  first. 

To  separate  the  remaining  substances  the  filtrate  from 
the  manganese  sulphide  (II.)  is  acidified  with  hydrochloric 
acid  and  warmed  until  the  hydrogen  sulphide  odor  is  no 
longer  perceptible.  Filter  off"  the  sulphur,  and  after  neu- 
tralizing with  ammonium  hydrate  add  an  excess  of  ammo- 
nium oxalate.  "When  the  calcium  oxalate  has  subsided, 
it  is  filtered  off",  washed  and  after  dissolving  in  hydrochloric 
acid,  is  reprecipitated  by  ammonium  hydrate  and  oxalate 
(Precipitate  III.).  By  ignition  the  calcium  oxalate  is 
either  converted  into  carbonate  or  oxide  and  weighed 
(p.  14). 

When  barium  and  strontium  are  present,  they  are 

23* 
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found  in  tlie  calcium  precipitate.    The  latter  may  also 
contain  traces  of  magnesium.    To  estimate  these  sub- 
stances heat  the  weighed  precipitate  in  a  platinum  crucible 
with  nitric  acid,  until  a  clear  solution  is  obtained,  then 
evaporate  on  a  water-bath.     The  residue  contains  the 
alkaline  earths  as  nitrates.    These  are  now  digested  with 
a  small  quantity  of  absolute  alcohol,  and  after  standing 
twenty-four  hours  the  nitrates  of  barium  and  strontium 
are  filtered  off  (p.  28).    The  filtrate  contains  the  nitrates 
of  calcium  and  magnesium.    Evaporate  this  solution  to 
dryness,  dissolve  the  residue  in  hydrochloric  acid,  and, 
after  again  evaporating  and  redissolving  in  water,  the 
calcium  is  precipitated  as  oxalate.    The  magnesium  is 
separated  by  evaporating  the  filtrate  to  dryness  and  ignit- 
ing the  residue  to  expel  all  ammoniacal  salts.   This  done, 
the  residue  is  taken  up  in  water  acidulated  with  hydro- 
chloric acid,  and  the  magnesium  thrown  down  by  ammo- 
nium hydrate  and  phosphate  (p.  16). 

The  nitrates  of  barium  and  strontium  are  dissolved 
upon  the  filter  in  hot  water — the  solution  being  then 
evaporated  to  dryness  in  a  Aveighed  platinum  crucible  and 
the  residue  dried  at  140°  C.  until  the  weight  becomes 
constant.  The  nitrates  are  converted  into  oxides  by  heat, 
and  these  then  treated  with  hytkochloric  acid.  The  solu- 
tion of  the  chlorides  is  evaporated  to  dryness,  the  residue 
treated  with  absolute  alcohol,  when  barium  chloride  will 
remain  insoluble.  Filter  and  w\ash  with  absolute  alcohol. 
The  washed  barium  chloride  is  dissolved  in  hot  water, 
the  solution  evaporated  in  a  platinum  crucible,  with  addi- 
tion of  a  few  drops  of  sulphuric  acid,  to  dryness,  and  the 
barium  sulphate  weighed. 

After  expelling  the  alcohol  from  the  filtrate,  the  stron- 
tium is  treated  similarly. 

The  precipitate  from  the  calcium  oxalate  (Precipitate 
III.)  contains  besides  the  magnesium  small  quantities  of 
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Cillcium.  It  is  put  in  ;i  platimim  disli  and  cviii)()rut(!(l  to 
dryness,  the  ammoniacal  salts  expelled  by  heat  a,nd  the 
residue  dissolved  in  dilute  hydrochloric  acid.  Tlie  mag- 
nesium is  thrown  down  in  this  solution  as  ammonium 
magnesium  phosphate  (p.  IG).  To  obtain  the  calcium 
contained  in  tlie  magnesium  pyrophosphate  dissolve  the 
latter  in  strong  hydrochloric  acid,  precipitate  with  ammo- 
nium hydrate  and  again  dissolve  in  acetic  acid.  From 
this  solution  the  calcium  is  precipitated  by  ammonium 
oxalate. 

Determination  of  Potassiu  m  and  Sodium — With  waters 
containing  large  quantities  of  sodium  chloride,  the  con- 
tents of  one  or  two  flasks  will  be  sufficient  for  the  prose- 
cution of  this  determination,  while  otherwise  a  much 
larger  quantity  of  water  must  be  worked  up.  The  water 
is  concentrated  in  platinum  vessels  and  whilst  boiling  pre- 
cipitated with  excess  of  barium  hydrate.  Evaporate  the 
filtrate  in  a  platinum  dish,  dissolve  the  residue  in  a  very 
small  quantity  of  water,  and  precipitate  the  filtrate  with 
ammonium  carbonate  and  hydrate.  The  filtrate  from  the 
barium  carbonate  is  evaporated  in  a  platinum  dish,  the 
ammonium  salts  expelled,  and  the  aqueous  solution  of  the 
residue  again  mixed  with  ammonium  carbonate  and  hy- 
drate. 

If  a  precipitate  of  barium  carbonate  is  produced,  treat 
the  filtrate  as  before,  and  continue  evaporating  and  preci- 
pitating as  long  as  ammonium  hydrate  and  carbonate  pro- 
duce a  precipitate.  The  final  residue,  free  from  ammo- 
niacal  salts,  is  dissolved  in  water,  and  the  solution  digested 
in  a  platinum  dish  for  24  hours  with  fi-eshly  precipitated 
oxide  of  mercury  to  precipitate  the  last  traces  of  magnesia. 
The  filtrate  is  evaporated  in  a  platinum  dish  and  ignited 
to  expel  the  small  (juantity  of  mercuric  chloride  present, 
the  residue  is  dissolved  in  as  little  water  as  i)0ssible,  the 
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filtrate  evaporated  to  dryness  in  a  platinum  crucible  with 
addition  of  hydrochloric  acid,  and  tlie  perfectly  dry  residue 
heated  to  a  low  redness,  the  crucible  being  Avell  covered. 
The  potassium  and  sodium  are  separated  according  to 
page  41. 

The  alkaline  chlorides  thus  obtained  are  rendered  im- 
pure by  small  quantities  of  magnesium  chloride,  and  con- 
tain moreover  all  the  lithium  as  chloride. 

To  determine  the  magnesium  chloride  the  filtrate - 
from  the  potassium-platinum  chloride  is  evaporated  upon 
a  water-bath  to  expel  the  alcohol,  and  the  residue  rinsed 
into  a  long-necked  flask.  By  boiling  the  liquid  the  air  is 
expelled,  and  the  flask  is  connected  with  a  hydrogen  gene- 
rator and  heat  applied.  By  this  operation  not  only  the 
excess  of  platinic  chloride,  but  also  the  double  salt  of  pla- 
tinum and  sodium  in  the  solution,  is  decomposed,,  with 
the  separation  of  metallic  platinum.  As  soon  as  the  liquid 
has  become  colorless,  the  precipitate  is  filtered  off  and  the 
mao-nesium  in  the  filtrate  thrown  down  in  the  usual  man- 
ner.  The  magnesium  pyrophosphate  is  calculated  for 
chloride,  and  this  deducted  from  the  weighed  alkaline 
chlorides  (Laspeyres). 

For  the  determination  of  the  lithium  see  later. 

Direct  Determination  of  Sodium  Carhonate — It  is 
frequently  preferred,  in  the  analysis  of  alkaline  mineral 
water,  to  determine  directly  the  amount  of  sodium  car- 
bonate held  in  solution.  To  do  this  boil  100-300  grms.^ 
of  water  for  some  time  in  a  platinum  dish,  and  filter  off' 
the  separated  carbonates  of  the  alkaline  earths,  etc.  etc. 
The  precipitate  is  perfectly  Avashed  with  water,  and  the 
filtrate  halved.  The  one  portion  is  evaporated  to  dryness 
with  hydrochloric  acid,  and  after  the  complete  expulsion 
of  the  latter  the  chlorine  in  the  residue  is  estimated  in  the 
usual  manner.    To  calculate  the  sodium  carbonate  from 
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the  silver  clilonae  obtained,  there  must  be  dechicted  Croiii 
the  hitter  the  amount  of  silver  chloride  whit-h  corresponds 
to  tlie  sodium  chloride  existing  in  the  solution.  (See  lly- 
drocldoric  Acid  Determination.)    It  must  also  be  borne 
in  mind  tliat,  when  compounds  of  bromine,  iodine  and 
sulphur  are  present,  these  are  also  converted  into  sodium 
chloride,  and  a  quantity  of  silver  chloride  corresponding 
to  the  sodium  sulphide,  bromide  and  iodide  must  likewise 
be  deducted.    Finally  there  is  always  some  magnesium 
passing  into  the  filtrate  as  magnesium-sodium  carbonate, 
which  is  changed  to  magnesium  chloride.    To  determine 
the  latter  precipitate  the  magnesium  in  the  second  portion 
of  the  above  filtrate  in  the  usual  manner,  calculating  from 
the  magnesium  pyrophosphate  the  quantity  of  silver  chlo- 
ride corresponding  to  it.    The  silver  chloride  that  re- 
mains is  calculated  for  sodium  carbonate. 


Determination  of  the  Lithium  and  Detection  of  C(Bsium 

and  Bubidixim  Generally  only  sliglit  traces  of  lithium 

compounds  are  found  in  mineral  waters,  and  for  their  de- 
termination large  quantities  of  the  water  are  evaporated. 
If  for  the  determination  of  the  potassium  and  sodium  a 
rather  large  quantity  of  water  was  taken,  the  lithium  may 
be  estimated  at  the  same  time  with  these.  The  filtrate 
from  the  metallic  platinum  is  evaporated  to  dryness,  and 
the  residual  chlorides  of  sodium  and  lithium  extracted 
Avith  ethereal  alcohol.    Proceed  as  directed  later. 

When  a  separate  portion  of  water  is  used  for  the  lithium 
estimation,  the  detection  of  the  rubidium  and  caesium  may 
be  carried  on  at  the  same  time.  For  the  removal  of  the 
alkaline  carbonates,  ferric  oxide,  manganese  oxide,  etc., 
proceed  as  in  the  estimation  of  boracic  acid,  bromine, 
fluorine  and  iodine  (p.  262)  ;  evaporating  the  contents  to 
dryness  after  adding  sodium  carbonate.  The  residue  is 
repeatedly  lixiviated  with  water,  and  the  filtrate,  after 
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concentration  and  slight  acidulation  with  hydrochloric 
acid,  is  precipitated  in  the  cold  witli  platinic  chloride. 
Tlie  precipitate  produced  contains  not  only  the  double 
chlorides  of  potassium  and  platinum,  but  analogous  salts 
of  rubidium  and  caesium,  whilst  the  double  chloride  of 
platinum  and  lithium  (together  witli  sodium  platinic  chlo- 
ride) remains  in  solution.  The  detection  of  rubidium  and 
CJBsium  in  the  presence  of  potassium  depends  upon  the 
greater  solubility  of  the  double  chloride  of  potassium  and 
platinum  in  water  than  the  corresponding  double  salts  of 
the  other  two.  The  platinum  precipitate  is  filtered  after 
standing  24  hours,  and  boiled  up  25-30  times  in  a  pla- 
tinum dish  with  small  quantities  of  water.  Only  enough 
water  is  added  to  cover  the  precipitate.  If  anything  is 
deposited  from  the  aqueous  decantations  on  cooling,  this  is 
again  subjected  to  the  same  treatment,  added  to  the  first 
residue,  and  examined  in  the  spectroscope  for  calcium  and 
rubidium. 

To  estimate  the  lithium  decompose  the  double  salts 
with  hydrogen  (p.  272),  and  boil  the  filtrate  with  barium 
hydrate  to  remove  the  alkaline  earths.  The  excess  of 
this  reao-ent,  as  well  as  traces  of  calcium,  are  removed 
from  the  liquid  by  warming  the  latter  with  ammonium 
hydrate  and  carbonate.  The  filtrate  is  now  evaporated 
in  a  platinum  dish,  and  the  residue  gently  ignited  to 
expel  the  ammonium  salts.  Dissolve  the  residue  in  water, 
and  acidify  the  liquid  which  must  necessarily  be  filtered 
w^ith  hydrochloric  acid.  When  large  quantities  of  sodium 
chloride  are  present  in  the  water,  it  is  advisable  to  re- 
move this  as  far  as  possible  before  extracting  with  alcohol. 
Concentrate  the  acidulated  liquid,  transferring  the  sodium 
chloride  that  has  crystallized  out  to  a  funnel,  washing  it 
several  times  with  cold  water,  and  treating  the  mother 
liquor  again  in  the  same  manner.  (Bunsun.)  At  last 
the  solution  is  evaporated  to  dryness  on  a  water-bath, 
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lieatetl  some  thno  over  a  free  flaine  to  exi)el  tlie  water, 
then  repeatedly  exliaiisted  with  a  mixture  of  absolute 
aleohol  and  ether.  This  process  is  continued  until  a 
small  portion  of  the  filtrate  no  longer  yields  the  flame  re- 
action of  lithium,  wlien  the  alcoholic  solution  is  evapo- 
rated on  a  water-bath,  the  residue  dissolved  in  water  and 
tested  with  ammonium  hydrate  and  carbonate,  and  notice 
taken  of  the  precipitation  of  calcium.  If  this  occurs, 
evaporate  the  filtrate,  and  precipitate  the  solution  of  the 
residue  again  with  ammonium  hydrate  and  carbonate. 
The  residue  finally  obtained  dissolve  in  dilute  hydro- 
chloric acid,  and  the  sharply  dried  residue  of  the  solution 
treat  with  ethereal  alcohol.  Any  traces  of  sodium  cIiIq- 
ride  that  may  remain  are  filtered  off,  and  the  lithium 
determined  in  the  filtrate  according  to  page  106. 

Qualitative  Detection  of  Copper,  Bismuth,  Lead,  Ar- 
senic, Antimony,  Tin,  Colalt,  Nickel,  Zinc,  Barium, 
Strontium  and  Titanium — These  elements  exist  in  sucli 
minute  quantities  in  mineral  waters,  that  in  most  cases 
even  very  large  amounts  of  water  are  not  sufficient  for 
their  detection.  The  collected  deposit  or  sinter  at  the 
mouth  of  the  spring  is  particularly  adapted  for  this  pur- 
pose. It  is  perfectly  purified  and  freed  from  adherent 
mineral  water  by  washing  with  distilled  water.  For  the 
detection  of  arsenic,  antimony  and  tin,  fuse  a  portion  of 
t];e  substance  with  an  equal  amount  of  a  mixture  of  equal 
parts  of  soda  and  saltpetre,  evaporating  to  dryness  npon  a 
water-bath  the  aqueous  solution  of  the  fused  mass,  with 
addition  of  dilute  sulphuric  acid.  The  aqueous  solution  of 
the  residue  is  boiled  with  sulphurous  acid  to  cause  a  re- 
duction of  the  arsenic  acid,  and  after  expelling  this  the 
arsenic  is  precipitated  by  liydrogen  sulphide.  The  sul- 
phides of  arsenic,  antimony  and  tin  are  dissolved  when 
the  precipitate  is  treated  with  sodium  or  potassium  sul- 
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phide  ;  and  by  boiling  this  solution  with  an  excess  of 
sulphurous  acid,  and  evaporating  the  liquid  to  one-third 
its  volume,  the  antimony  and  tin  are  precipitated,  whilst 
the  arsenic  is  dissolved  (p.  70).  The  further  recognition 
is  most  safely  insured  by  the  flame  reactions. 

To  detect  the  remaining  metals  digest  a  second  portion 
of  the  spring  deposit  with  hydrochloric  acid,  and  evapo- 
rate to  dryness  on  the  water-bath.    The  residue  is  dis- 
solved in  dilute  hydrochloric  acid,  and  hydrogen  sulphide 
conducted  into  the  liquid.    The  precipitate  produced  is 
oxidized  with  fuming  nitric  acid  to  effect  the  destruction 
of  any  organic  matter  mixed  with  it.    For  the  separation 
from  arsenic,  antimony  and  tin  neutralize  the  solution 
with  potassium  hydrate,  and  digest  with  sodium  sulphide. 
The  insoluble  sulphides  are  dissolved  in  nitric  acid,  and 
the  lead  removed  with  sulphuric  acid.    In  the  filtrate  are 
copper  and  bismuth,  which  are  separated  by  ammonium 
carbonate.    The  precipitates  obtained  should  be  more 
closely  examined  according  to  Bunsen's  suggestion — re- 
duction by  particles  of  carbon.* 

To  get  out  the  cobalt  and  nickel  in  cases  Avhere  the 
sinter  contains  considerable  iron,  Bunsen  recommends  that 
the  filtrate  from  the  hydrogen  sulphide  precipitate,  after 
the  expulsion  of  the  gas,  be  neutralized  wdth  sodium  car- 
bonate, and  boiled  with  freshly  precipitated  manganese 
sulphide.  Cobalt  and  nickel  pass  into  the  precipitate, 
and  are  afterwards  separated  from  the  manganese  with 
acetic  acid. 

Barium,  strontium,  and  titanium  must  be  sought  for  in 
the  usual  manner  in  that  portion  of  the  sinter  insoluble  in 
hydrochloric  acid.  The  residual  silica  should  be  exam- 
ined for  titanium  (p.  125). 


*  See  Bunsen's  "  Flammenreactionen,"  p.  53. 
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Ashes  of  Plants. 

Composition  Ferric  oxide,  alumina,  manganic  oxido, 

calcium  oxide,  magnesia,  potassium,  sodium,  silicic  acid, 
carbon  dioxide,  phosphoric,  sulphuric,  and  hydrochloric 
acids. 


Fig.  28. 


To  obtain  the  ash  the  parts  of  plants  dried  at  100°  C, 
tlie  seed,  fruit,  etc.,  are  incinerated  eitlier  in  a  muffle  or 
in  a  large  platinum  disli  at  as  low  a  temperature  as  pos- 
sible. In  all  instances  the  latter  method  is  applicable,  if, 
according  to  F.  Schulze,  the  air-draft  be  increased  by  a 
lamp  chimney,  extending  some  distance  in  the  dish. 
(Fig.  28.)  The  incineration  begins  at  a  Ioav  red  heat, 
and  volatilization  of  the  alkalies  need  not  be  feared. 
24 
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When  the  weight  of  the  dish  becomes  constant,  the  ash 
is  finely  pulverized,  and  preserved  in  a  corked  bottle. 
Transfer  to  a  glass  cylinder  of  about  300  C.  C.  capacity, 
and  that  can  be  well  closed,  about  10  grms.  of  ash,  and 
20  C.  C.  of  water  are  then  poured  in,  and  the  cylinder 
and  the  latter  filled  with  carbon  dioxide.    Close  the  same 
and  shake.    Add  more  carbon  dioxide,  and  shake,  and 
repeat  this  operation  until  the  liquid  becomes  colorless. 
The  contents  of  the  cylinder  are  rinsed  into  a  dish, 
evaporated  upon  a  water-bath,  and  the  residue  heated 
for  some  time  at  160°  C.    If  any  calcium  carbonate  has 
crystallized  out  upon  the  sides  of  the  cylinder,  and  cannot 
be-  removed  by  washing,  add  some  water,  and  pass  in  a 
current  of  carbon  dioxide  to  convert  the  calcium  carbonate 
into  the  soluble  hydrocarbonate.    For  the  perfect  removal 
of  the  alkaline  salts  extract  the  dry  residue  with  water, 
bring  the  insoluble  portion  upon  a  filter  dried  and  weighed 
at  100°  C,  and  again  concentrate  the  filtrate  by  evapo- 
ration.   In  this  operation  calcium  sulphate  usually  sepa- 
rates out,  and  is  also  brought  upon  a  weighed  filter  and 
preserved  for  some  time.    The  filtrate  from  the  gypsum 
is  caught  in  a  weighed  dropping  flask,  care  being  exerted 
that  no  drops  sprinkle  the  sides  of  the  vessel,  and  that 
the  point  of  the  funnel  does  not  come  in  contact  with  the 
filtered  solution.  (Bunsen.) 

The  aqueous  extract  of  the  ash  contains,  besides  little 
quantities  of  the  phosphates,  the  alkalies  as  carbonates, 
sulphates  and  chlorides.  The  residue  consists  principally, 
besides  the  silicic  acid,  of  the  carbonates  and  phosphates 
of  the  alkaline  earths  and  also  ferric  oxide,  alumina  and 
manganese  oxide  (and  manganese  protosesquioxide). 

Immediately  after  the  filtration  (having  mixed  the  solu- 
tion well)  the  aqueous  extract  of  the  ash  is  divided  into 
five  portions,  determining  in  the  first  the  chlorine  by  add- 
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ing  silver  nitrate,  nitric  acid,  and  then  a[)i)lying  heat.  (See 
1).  17.) 

Tlie  second  portion  serves  for  the  sulphuric  acid  e.sti- 
niation,  by  precipitating  it  from  a  hydrochloric  acid  solu- 
tion as  barium  sulphate. 

For  the  estimation  of  the  alkalies  the  third  portion  is 
boiled  with  barium  hydrate,  and  the  method  of  procedure 
followed  which  is  fully  explained  at  page  271. 

The  third  portion  is  acidified  with  hydrochloric  acid, 
and  boiled  to  decompose  the  carbonates,  then  rendered 
alkaline  with  ammonium  hydrate,  and  the  precipitate 
produced  dissolved  in  a  small  quantity  of  acetic  acid.  From 
this  solution  precipitate  the  traces  of  calcium  by  ammo- 
nium oxalate,  and  after  creating  an  alkaline  reaction 
in  the  filtrate  by  addition  of  ammonium,  precipitate  the 
phosphoric  acid  remaining  in  the  filtrate  from  the  ammo- 
nium-magnesium phosphate  by  addition  of  a  magnesium 
chloride  solution  (p.  25). 

When  phosphoric  acid  is  not  present,  the  usual  method 
for  tlie  separation  of  calcium  and  magnesium  is  followed. 
The  carbon  dioxide  is  determined  in  the  fifth  portion 
either  by  direct  weighing  (p.  33)  or  from  loss  in  weight. 
(See  Soda  Analysis.) 

For  the  analysis  of  the  weighed  residue  of  the  ash  inso- 
luble in  water,  after  having  mixed  it  well  in  an  agate 
mortar,  pour  over  it  nitric  acid  (about  2  grms.)  containing 
some  nitrous  acid,*  and  digest  upon  a  water-bath  to  com- 
plete solution.  Evaporate  the  liquid  to  dryness  with  ad- 
dition of  nitric  acid,  and  filter  otF  the  silicic  acid.  The 
filti'ate  is  reduced  to  a  definite  volume,  and  the  phosphoric 
acid  estimated  with  ammonium  molybdate  in  a  measured 
portion  (or  when  weighed,  in  a  weighed  portion,  p.  25). 

After  removing  the  excess  of  nitric  acid  by  evaporation, 


This  is  added  to  dissolve  the  manganese  protosesquioxide. 
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mix  n  portion  or  the  entire  quantity  of  liquid  with  a  sufR- 
cient  amount  of  lead  acetate  to  precipitate  the  phosphoric 
acid,  and  remove  the  excess  of  the  former  in  the  filtrate  by 
liydrogen  sulphide  (p.  114).    Expel  the  excess  of  the 
latter  reagent  by  boiling,  convert  the  ferrous  into  ferric 
oxide,  and  precipitate  the  aluminum  and  iron  in  the  boil- 
ing liquid  with  ammonium  hydrate.    It  is  advisable  to 
redissolve  in  hydrochloric  acid  the  filtered  and  imperfectly 
washed  precipitate  and  repeat  the  precipitation.  Iron 
and  aluminum  maybe  separated  according  to  the  methods 
given  on  pages  90  and  2G9.    The  precipitate  may  yet  con- 
tain phosphoric  acid,  if  the  precipitation  of  the  latter  with 
lead  acetate  was  effected  in  a  very  acid  solution.  The 
manganese  is  thrown  down  in  the  filtrate  of  the  ammonium 
precipitate  by  a  few  drops  of  ammonium  sulphide  (see  p. 
21),  and  the  excess  of  the  latter  destroyed  with  hydro- 
chloric acid.    The  calcium  and  magnesium  are  separated 
as  usual. 

Instead  of  treating  portions  of  the  filtrate  from  the 
silicic  acid  for  the  estimation  of  the  phosphoric  acid  and 
the  bases,  it  is  possible,  if  the  method  of  Reissig  be  pur- 
sued, to  effect  the  separation  of  the  oxides  simultaneously 
with  the  determination  of  the  phosphoric  acid.  The 
liquid  is  mixed  with  a  weighed  quantity  of  pure  tin  (about 
2-3  grms.)  and  fuming  nitric  acid  (p.  115),  then  digested 
until  oxidation  ceases.  When  the  precipitate  of  tin  phos- 
phate and  oxide  has  fully  subsided,  filter  off  the  clear 
supernatant  liquid,  wash  the  precipitate  perfectly  on  the 
filter  and  digest  in  a  platinum  dish  with  a  small  amount 
of  concentrated  potassium  hydrate.* 

Dilute  the  alkaline  liquid,  containing  potassium  phos- 
phate and  stannate,  in  a  litre  flask  with  about  900  C.  C. 


*  Avoid  an  excess,  as  a  precipitate  insoluble  in  this  rcag< 
may  separate  out  if  care  is  not  observed. 
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of  hot  water,  and  saturate  the  solution  witli  hydrogen  sul- 
pliide  gas.  If  a  prec'n)itale  of  iron  sulphide  forms,  fdtcr 
it  oft",  returning  the  filtrate  to  the  flask  aga,in,  and  render 
the  same  sliglitly  acid  by  the  addition  of  dilute  sulphuric 
acid.  Fill  the  flask  to  the  "mark"  and  determine  its 
wei'Wit.   After  the  tin  sulphide  has  subsided— after  twelve 

liours  filter  about  two-thirds  of  the  clear  liquid  through 

a  dry  filter  into  a  weighed  flask  and  reweigh  this.  The 
weighed  filtrate  may  be  used  to  estimate  the  phosphoric 
acid.  To  this  end,  the  liquid,  strongly  concentrated  by 
evaporation  and  after  neutralization  with  ammonium  hy- 
drate, is  precipitated  by  addition  of  magnesium  chloride 
(p.  25). 

To  ascertain  the  relative  weight  of  the  liquid  used  for 
the  phosphoric  acid  determination  to  that  of  the  entire 
quantity,  it  is  only  necessary  to  deduct  the  quantity  of 
stannic  sulphide  corresponding  to  the  metallic  tin  taken 
from  the  entire  weight  of  the  flask  contents  (about  1000 
grms.). 

Ferric  oxide,  alumina,  etc.,  are  in  the  filtrate  from  the 
tin  phosphate  and  oxide.  To  remove  any  impurities 
(generally  copper)  introduced  by  the  tin,  conduct  a  stream 
of  hydrogen  sulphide  into  the  liquid,  treating  the  filtrate 
as  above  (oxidation  with  nitric  acid,  precipitation  with 
ammonium  hydrate,  etc.). 

A  fresh  portion  of  the  insoluble  residue  of  the  ash  is 
employed  for  the  estimation  of  carbon  dioxide,  silicic  acid 
and  sulphuric  acid. 

The  carbon  dioxide  may  be  determined  by- direct  weigh- 
ing or  by  difference  (p.  33,  and  see  Soda).  After  complete 
decomposition  the  contents  of  the  flask  are  evaporated  to 
dryness  in  a  platinum  dish,  the  silicic  acid  separated  as 
usual  (p.  124),  and  the  sulphuric  acid  precipitated  with 
barium  chloride  in  the  filtrate  from  the  silicic  acid. 

24* 
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Guano. 

Water  Determination. — As  guano  dried  at  100°  C.  or 
120°  C.  loses  a  portion  of  its  ammonia  with  the  water, 
the  latter  cannot  be  determined  by  the  loss  in  weight  of  a 
dried  portion,  but  the  volatilized  ammonia  must  be  also 
estimated.  For  this  purpose  Stohmann  has  constructed  a 
special  apparatus,  the  arrangement  of  which  is  shown  in 
Fio-.  29.    W  is  a  water-bath,  in  which  the  brass  tube  a  is 
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calcium  cliloricle  fltisk  C,  and  upon  the  otlior  the  pear- 
shaped  tube  A,  which  acts  as  a  receiver  for  the  ammonia. 
It  contains  a  measured  volume  of  oxalic  or  sulphuric  acid 
of  known  strength  (about  10  C.  C.  oxalic  acid  containing 
0.63  grm.  C.JI A  +  2H,0,  or  0.49  grm.  sulphuric  acid 
corresponding  to  0.17  grm.  ammonia). 

Weigh  oflF  a  portion  (5  to  10  grms.)  of  the  guano. 
Push  the  boat  S  into  the  tube  a,  and  connect  the  latter 
with  C  and  A;  bring  the  water  in  W  to  boiling,  and  at 
the  same  time  draw  a  current  of  air  through  the  apparatus. 
As  soon  as  the  weight  of  the  boat  is  constant,  titrate  the 
unneutralized  oxalic  acid  or  sulphuric  acid  with  sodium  or 
ammonium  hydrate,  and  subtract  the  calculated  quantity 
of  ammonia  from  the  loss  in  weight  the  boat  has  sustained. 

Determination  of  the  Non-volatile  {fixed)  Constituents 
in  the  Giiano  Proceed  exactly  as  described  in  the  analy- 
sis of  the  ash  (p.  277),  heating  the  residue  from  the  water 
determination  in  a  platinum  dish  at  a  very  low  tempera- 
ture until  the  weight  becomes  constant.  If  alkaline  car- 
bonates are  present,  these  may  lose,  according  to  the 
temperature,  a  portion  of  their  carbonic  acid ;  it  is  there- 
fore necessary  to  moisten  the  ignited  residue  again  with 
ammonium  carbonate,  and  after  gentle,  ignition  reweigh. 
The  resulting  ash  should  be  kept  in  a  well-closed  glass  for 
the  future' determination  of  single  constituents. 

Determination  of  the  Non-volatile  Constituents — sepa- 
rately Usually  the  determination  of  phosphoric  acid, 

sulphuric  acid,  calcium  and  the  alkalies,  is  all  that  is 
necessary.  As  regards  the  phosphoric  acid — heretofore  it 
has  been  estimated  in  such  a  manner  that  a  weighed  por- 
tion of  the  ash  was  digested  some  time  with  nitric  acid, 
and  the  phosphoric  acid  in  this  solution  determined  gravi- 
metrically  or  volumetrically.    Gilbert  first  called  attention 
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to  the  fact  that,  upon  digesting  the  ash  with  nitric  acid, 
the  pyrophosphate  tliat  had  been  formed  by  ignition  was 
not  fully  converted  into  the  ordinary  phosphoric  acid,  and 
consequently  this  acid  existing  in  the  residue  as  calcium 
pyrophosphate  was  thus  withdrawn  from  the  estimation. 
The  conversion  succeeds,  however,  readily  and  perfectly, 
if,  pursuant  with  the  suggestion  of  Gilbert,  the  incinerated 
guano  be  fused  in  a  platinum  crucible  with  four  times  its 
weight  of  a  finely  pulverized  mixture  of  two  parts  soda 
and  one  part  potassium  chlorate.* 

The  fusion  occurs  at  a  low  red  heat  and  is  continued 
until  the  ignited  mass  becomes  white,  when  the  heat  is 
increased  to  a  strong  glow  for  a  quarter  of  an  hour.  Pour 
out  the  liquid  contents  into  a  platinum  dish  (p.  40),  digest 
some  time  upon  the  water-bath  with  addition  of  water, 
and  add  nitric  acid  finally  to  acid  reaction.  In  the  pres- 
ence of  silicic  acid  the  solution  is  evaporated  to  dryness, 
and  the  residue  dissolved  in  water  and  nitric  acid.  De- 
termine the  phosphoric  acid  in  the  filtrate  from  the  silicic 
acid,  voluraetrically  or  gravimetrically.  The  precipita- 
tion with  ammonium  molybdate  precedes  the  gravimetric 
determination  (see  p.  25).  To  convert  the  nitric  acid  into 
an  acetate  solution  for  the  purpose  of  determining  the 
phosphoric  acid  volumetrically,  dissolve  the  precipitate 
produced  by  the  addition  of  sodium  hydrate  in  the  lenst 
possible  quantity  of  acetic  acid.  When  iron  and  aluminum 
are  present,  their  phosphates  [Fe,(POJ,  or  A1,(P0,),] 
will  remain  insoluble  in  acetic  acid.  If  the  precipitate  is 
pure  iron  or  aluminum  phosphate,  it  is  filtered  off,  washed 
with  hot  water,  ignited,  weighed,  and  the  phosphoric  acid 
contained  in  it  calculated.    If,  however,  the  precipitate  is 

*  Saltpetre  may  replace  potassium  chlorate,  and  is  preferable 
in  case  the  substance  analyzed  leaves  a  dilhcultly  combustible 
residue,  rich  in  nitrogenous  material. 
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u  mixture  of  the  two  eompomuls  in  eoiisidenible  (iiumtity, 
and  the  aetennination  of  tlic  phosphoric  acid  is  to  be  iic- 
ciinito,  the  hitter  is  separated  from  tlie  bases  by  the  method 
proposed  on  page  2^8.    For  the  rest,  see  page  117. 

The  sulphm-ic  acid  is  determined  by  digesting  a  second 
portion  of  tlie  ash  repeatedly  witli  nitric  acid,  evaitorating 
the  sohition  to  dryness  on  the  water-bath,  dissolving  tlie 
residue  in  dilute  hydrochloric  acid,  and  precipitating  the 
sulphuric  acid  in  the  filtrate  with  barium  chloi-ide. 

The  chlorine  is  most  advantageously  determined  in  the 
nitric  acid  solution  of  a  third  portion  of  the  ash  by  evapo- 
rating it  to  dryness  with  sulphuric  acid,  forming  calcium 
sul[)hate  (p.  114). 

The  solution  of  a  fourth  part  containing  the  alkalies  is 
freed  as  much  as  possible  from  nitric  acid,  and  these  de- 
termined after  boiling  with  barium  water,  and  treating 
the  filtrate  with  ammonium  carbonate  (p.  271). 

In  a  complete  analysis  of  the  fixed  constituents,  all  the 
substances  present,  excepting  the  alkalies,  may  be  deter- 
mined in  the  same  solution.  Fuse  as  above  with  soda 
and  potassium  chlorate,  reducing  the  liquid  filtered  from 
the  silicic  acid  to  a  definite  volume.  If  the  quantity  of 
calcium  sulphate  in  guano  is  to  any  degree  considerable, 
the  residual  silicic  acid  will  stvdjbornly  retain  a  portion  of 
it.  Digesting  the  latter  repeatedly  with  small  quantities 
of  nitric  acid  is  then  absolutely  necessary. 

The  phosphoric  and  sulphuric  acids  are  separated  and 
determined  as  usual  in  a  measured  portion  of  the  liquul. 
Before  bringing  the  barium  sulphate  on  a  filter,  boil  it  up 
repeatedly  with  water,  and,  after  ignition,  treat  with  dilute 
hydrochloric  acid  (p.  15). 

To  estimate  the  remaining  constituents,  the  phosphoric 
acid  is  separated  with  tin  from  a  second  portion  of  the 
solution,  and  the  method  (p.  115)  then  followed  in  its 
particulars. 
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Determination  of  Constituents — soluble  and  insoluble 

in  water  For  this  purpose  take  about  10  grms.  of  un- 

dried  guano,  place  it  in  a  flask,  and  pour  over  it  200  C.  C. 
of  water ;  shake  up  several  times,  and  immediately  filter 
off  the  residue  upon  a  filter  dried  and  weighed  at  100°  C. 
The  insoluble  portion  is  perfectly  washed  (best  with  an 
exhaust  pump)  with  small  quantities  of  water,  and  dried 
at  100°  C.  until  the  weight  is  constant.  By  incinerating 
the  residue  (p.  277)  the  quantity  of  the  fixed  constituents 
is  ascertained.  The  quantity  soluble  in  water  follows  from 
the  difference.  If  the  entire  quantity  or  a  portion  of  the 
non-volatile  constituents  is  to  be  determined  in  the  aque- 
ous solution,  evaporate  the  filtrate  to  dryness  in  a  platinum 
dish  and  ignite.  The  estimation  of  individual  constituents 
. — soluble  or  insoluble  in  water — is  executed  as  above. 

Determination  of  the  Carbon  Dioxide — Many  guanos 
contain  carbonates  in  greater  or  less  quantities ;  in  this 
case  the  carbon  dioxide  is  estimated  according  to  page  33. 
(See  Soda  Analysis.) 

Determination  of  the  Total  Carbon — A  portion  of  the 
substance  previously  dried  at  100°  C.  is  taken,  and  the  car- 
bon determined  either  according  to  page  221,  by  ignition 
in  a  stream  of  oxygen,  or  by  oxidation  with  chromic  and 
sulphuric  acids  (p.  229).  As  in  the  combustion  of  nitro- 
genous organic  compounds  with  cupric  oxide,  nitrogen 
oxide  gas  is  evolved,  which  is  partially  converted  into 
nitrous  acid,  and  as  such  absorbed  by  the  soda-lime  ; 
therefore  the  anterior  portion  of  the  combustion-tube  is 
filled  with  a  layer  of  metallic  copper,  12  Cm.  long  (cop- 
per wire  rolls  are  best  adapted),  and  this  then  ignited.  In 
employing  the  first  method  it  is  further  necessary,  as  the 
ash  constituents  readily  retain  carbon  dioxide,  to  mix  the 
guano  before  combustion  with  boracic  acid,  oxide  of  anti 
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mony,  or  copper  phosphate,  which  will  perfectly  expel  (he 
carbon  dioxide.  These  hitter  agents  may  be  disregarded 
if  in  the  oxidation  of  the  carbon  we  employ  a  mixture  of 
nine  parts  lead  Chromate  and  one  part  potassium  Chromate. 
The  formation  of  nitrous  acid  in  this  case  is,  however, 
more  readily  facilitated. 

If  the  guano  contains  carbon  dioxide  for  itself,  this  must, 
of  course,  be  deducted  from  that  obtained  by  combustion. 

Determination  of  the  Nitric  Acid — A  weighed  portion 
of  the  manure  is  extracted  with  cold  water,  the  filtrate 
made  alkaline  with  sodium  carbonate,  the  precipitate  fil- 
tered after  standing  some  time,  and  a  portion  of  the  filtrate 
employed  for  estimating  the  nitric  acid  according  to  page 
242  or  page  266.  When  using  the  method  subsequently 
described  for  the  estimation  of  ammonia  (by  boiling  with 
magnesia)  the  nitric  acid  determination  can  be  made  at 
the  same  time.    Follow  instructions  given  on  page  266. 

Determination  of  the  Hydrochloric  Acid — A  second 
portion  of  the  undried  guano  is  digested  at  a  very  low  tem- 
perature with  nitric  acid,  and  the  hydrochloric  acid  esti- 
mated by  precipitation  with  silver  nitrate. 

Determination  of  the  Oxalic  Acid — The  method  pur- 
sued is  based  upon  the  same  principle  as  the  valuation  of 
manganese  dioxide  (p.  93)  ;  2  mols.  carbon  dioxide  corre- 
spond to  1  mol.  oxalic  acid  (CJI^OJ.  Mix  the  guano 
with  an  excess  of  pure  manganese  binoxide,  and  saturate 
with  dilute  sulphuric  acid.  The  results  are  far  more  ac- 
curate if  the  carbcm  dioxide  is  not  determined  by  loss  in 
weight,  but  by  direct  weighing,  as  given  on  page  33.  If  the 
guano  contains  carbonates,  the  addition  of  dilute  sulphuric 
acid  precedes  that  of  the  manganese  dioxide.  The  carbon 
dioxide  is  expelled  by  heat,  the  acid  neutralized  with 
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sodium  hydrate,  mangmieae  binoxide  mixed  in,  and  the 
method  followed  which  has  already  been  described. 

Determination  of  the  Uric  Acid — The  uric  acid  is 
readily  dissolved  by  gently  warming  the  guano  with 
sodium  hydrate.  Concentrate  the  filtrate  by  evaporation, 
and  acidulate  it  with  dilute  hydrochloric  acid.  After 
standing  twenty-four  hours  the  separated  uric  acid  is 
brought  upon  a  filter,  dried  and  weighed  at  100°  C, 
washed  with  small  quantities  of  water  (best  with  an  ex- 
haust pump),  and  dried  at  100°  C.  until  constant  weight  is 
obtained. 

Determination  of  the  Entire  Nitrogen — The  method  is 
founded  on  the  principle,  that  nitrogenous  organic  sub- 
stances, when  fused  with  an  alkaline  hydrate,  form  alka- 
line carbonates,  whilst  the  hydrogen  of  the  alkaline  hy- 
drate combines  with  the  nitrogen  to  form  ammonia. 

As  an  alkaline  hydrate,  there  is  generally  employed  a 
mixture  of  one  part  sodium  hydrate  with  two  parts  oxide 
of  calcium— the  so-called  soda-lime.  The  ammonia  libe- 
rated by  this  process  is  either  taken  up  in  dilute  hydro- 
chloric acid,  and  the  quantity  of  platinum-ammonium 
chloride  and  platinum  determined  (p.  39),  or  oxalic  or 
sulphuric  acid  of  known  strength  are  used  for  this  pur- 
pose. If  10  C.  C.  of  an  oxalic  acid  solution  are  taken 
with  0.63  grm.  C,IT,0,-|-2II.p,  or  0.49  grm.  sulphuric 
acid  (see  above,  p.  283,  Determination  of  the  Water  in 
Guano),  these  will  correspond  to  1.14  grms.  nitrogen. 

In  the  quantitative  estimation  of  ammonium  chloride, 
for  the  absorption  of  the  ammonium  produced,  the  appa- 
ratus of  Varrentrapp  and  Will  or  that  of  Arendt  and 
Knop  is  employed  as  receiver.    (Figs.  30  and  31.) 

The  latter  has  an  advantage  over  the  other  in  that  it 
possesses  a  second  bulb,  which  will  certainly  prevent  the 
acid  from  passing  back  into  the  combustion-tube.  These 
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(onus  of  apparatus  may  be  replaceil  by  Uic  abs()i-i)tion 
ai)paratus  figured  on  page  170,  wliich  is  particularly 
adapted  to  the  employment  of  volumetric  mctliods.  To 
glow  the  soda-lime  take  a  combustion-tube  of  dilficultly 


Fijjs.  30  and  31. 


fusible  glass,  and  about  40  Cm.  long,  wliich  is  drawn  to  a 
point  at  one  end,  and  bent  upwards  (Fig.  32).    The  back 

Fig.  32. 


portion  of  the  tube  is  filled  with  a  layer  of  ignited  soda- 
lime  about  10  Cm.  long,*  the  weighed  quantity  of  guano 
then  introduced,  then  another  10  Cm.  layer  of  soda-lime 


*  Always  test  the  soda-lime  for  nitrous  acid. 
25 
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filled  in,  which  is  well  mixed  with  the  guano.  The  mix- 
ing is  effected  by  means  of  an  iron  wire  (Fig-  33)  shaped 

Fig.  33. 


like  a  cork-screw,  wdiich  is  stirred  about  in  the  tube,  bring- 
ing the  guano  near  the  middle  of  the  20  Cm.  layer  of  soda- 
lime.  The  anterior  portion  of  the  tube  is  filled  with 
another  soda-lime  layer,  about  10  Cm.  long,  so  that  be- 
tween it  and  the  cork  there  remains  an  unoccupied  space  of 
4  to  5  Cm.  Fill  in  loosely  ignited  asbestos,  and  by  tap- 
ping on  the  outside  of  the  tube  produce  a  small  channel 
within.  After  joining  the  absorption  apparatus  with  the 
combustion-tube,  commence  heating  the  latter  at  the  front, 
continuing  the  ignition  gradually  along  its  entire  length. 

When  there  is  a  large  amount  of  nitrogen  it  can  occur 
that  during  the  absorption  of  the  ammonia  the  hydro- 
chloric acid  will  suddenly  run  back  (retreat),  and  a  por- 
tion of  the  same  entering  the  tube  will  occasion  the  loss 
of  the  analysis.  This  may  be  avoided  if  the  guano  is  pre- 
viously mixed  with  an  equal  quantity  of  pulverized  sugar, 
because  the  gaseous  decomposition  products  of  the  sugar 
will  dilute  the  ammonia  gas,  and  the  absorption  Avill  be 
less  violent. 

Determination  of  the  Entire  Quantity  of  Ammonia. — 
The  ammonia  in  guano  cannot  be  determined  by  the  dis- 
tillation of  a  weighed  portion  with  sodium  or  potassium 
hydrate,  because  the  protein  substances  contained  in  it 
(the  guano)  will  also  be  decomposed  with  the  liberation 
of  ammonia.  This  latter  decomposition,  however,  does 
not  occur  if  calcium  hydrate  (milk  of  lime)  or  burned 
magnesia  is  substituted  for  the  alkaline  hydrate.  As 
regards  the  employment  of  milk  of  lime,  Schlössing,  who 
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proposed  tliis  method,  found  that  tlie  expulsion  of  tlie 
ammonia  was  only  complete  when  the  lime-water  was 
allowed  to  act  in  the  cold  upon  the  substance  to  be  de- 
composed. The  decomposition  should  occur  either  under 
the  well-ground  bell-jar  of  a  desiccator  or  a  beaker  glass, 
closed  about  with  mercury.  Hydrochloric  (dilute),  oxalic 
or  sulphuric  acid  of  known  strength  is  taken  as  absorb- 
ent for  the  ammonia,  and  the  vessel  containing  the  acid 
is  supported  with  the  aid  of  a  glass  tripod  or  triangle 
directly  over  the  dish  filled  with  the  guano  and  excess  of 
lime-water.  To  prevent  the  loss  of  ammonia,  it  is  advis- 
able to  add  the  milk  of  lime  to  the  weighed  guano,  when 
every  preparation  is  made  for  the  absorption  of  the  am- 
monia. Then  rapidly  place  over  the  vessel  the  bell-jar  or 
beaker.  After  standing  twenty-four  hours  the  decompo- 
sition is  complete.  One  may  be  easily  assured  of  this  by 
introducing  a  moistened  piece  of  red  litmus  paper  under 
the  jar,  when  its  color  should  remain  unaltered. 

It  is  necessary,  when  using  burned  magnesia  (Boussig- 
nault's  method)  to  effect  the  decomposition  of  guano  con- 
taining ammonia  compounds,  to  boil  the  mixture,  and 
follow  exactly  the  course  directed  in  the  estimation  by 
boiling  with  sodium  hydrate  (p.  38). 

Superphosphates. 

Composition  The  superphosphates  contain  not  only 

calcium  phosphate,  but  also  varying  quantities  of  calcium 
sulphate,  calcium  chloride,  iron  phosphate,  free  phos- 
phoric acid,  water,  and  generally  sand,  carbon  and  organic 
matter. 

In  most  cases  the  valuation  of  these  products  consists 
in  the  estimation  of  the  soluble,  the  so-called  reverted, 
and  the  insoluble  (crude)  phosphoric  acid. 
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For  the  complete  analysis  of  superphosphates  proceed 
precisely  as  in  preceding  examples.  First  of  all,  the 
water  is  ascertained  in  a  portion  by  drying  it  at  160°- 
180°  C.  until  constant  weight  is  obtained. 

The  constituents  soluble  and  insoluble  in  water  are 
estimated  by  grinding  about  10  grms.  of  the  undried  pre- 
paration in  a  porcelain  mortar,  with  addition  of  cold  dis- 
tilled water,  until  the  mass  is  perfectly  divided ;  then 
filter  and  continue  extrp,cting  the  residue  on  the  filter  with 
small  quantities  of  water  (using  the  exhaust  pump)  until 
the  filtrate  no  longer  shows  an  acid  reaction.  The  residue 
is  reserved  for  further  investigation,  the  filtrate  re- 
duced to  a  definite  volume  (500  C.  C),  and  four  measured 
or  weighed  portions  used  in  determining  the  organic  sub- 
stances and  alkalies,  the  sulphuric,  phosphoric  and  hydro- 
chloric acids,  and  the  alkaline  earths. 

The  organic  material  and  alkalies  are  ascertained  by 
evaporating  the  first  portion  in  a  platinum  dish  to  dryness, 
barium  hydrate  is  added  to  alkaline  reaction  and  again 
evaporated,  and  the  weight  of  the  residue,  dried  at  100° 
C,  ascertained,  then  ignited  as  on  page  277.  The  differ- 
ence in  weight  will  represent  the  organic  material.  Boil 
the  ignited  residue  a  second  time  with  barium  hydrate  to 
separate  calcium,  magnesium,  etc.,  and  determine  the 
alkalies  in  the  filtrate  according  to  page  271. 

In  the  second  portion  of  the  solution  the  sulphuric  and 
hydrochloric  acids  are  estimated  as  usual.  If  the  aqueous 
extract  is  strongly  colored  by  dissolved  organic  substances, 
these  must  be  destroyed  to  estimate  the  hydrochloric  acid. 
Evaporate  to  dryness  in  a  platinum  dish,  with  addition  of 
sodium  and  potassium  nitrate,  and  determine  the  acid  in 
the  aqueous  extract  of  the  mass. 

Phosphoric  acid  and  the  alkaline  earths  may  be  deter- 
mined in  the  same  (fourth)  portion.  The  solution  is 
evaporated  to  dryness  with  addition  of  sodium  carbonate, 
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the  residue  ignited  und  fused  with  a  mixture  of  sodium 
carhonate  and  potassium  chlorate  (p.  284).  Tlie  nitric  acid 
solution  of  the  cooled  mass  is  rendered  alitaline  by  sodium 
hydrate,  mixed  with  acetic  acid,*  and  the  liquid  reduced 
to  a  definite  volume.  In  an  aliquot  portion  determine 
the  phosphoi-ic  acid  either  volumetrically  or  gravimetri- 
cally,  the  rest  of  the  acetic  acid  solution  being  mixed  with 
ammonium  oxalate,  and  in  the  filtrate  from  calcium  oxa- 
late throw  down  the  magnesium  with  ammonium  hydrate 
and  sodium  phosphate  (p.  1  6). 

The  further  treatment  of  the  portion  insoluble  in  water 
follows  from  what  has  already  been  written  (p.  283).  Its 
weight  is  first  determined  by  drying  the  residue,  together 
with  the  filter  ash,  at  180°  C,  until  the  weight  becomes  con  ■ 
stant,  and  ascertaining  the  percentage  of  organic  material 
by  the  loss  upon  ignition.  The  residual  fixed  constituents 
are  fused  with  sodium  carbonate  and  potassium  chlorate, 
proceeding  in  general  as  directed  at  page  284. 

Nitrogen  and  ammonia  ar.;  determined  as  indicated  in 
the  Guano  analysis. 

Determination    of  the  Phosphoric  Acid  Soluble  in 

Water.  The  method  follows  from  what  has  already  been 

remarked  in  preceding  examples.  Two  diffiarent  methods 
serve  for  the  extraction  of  the  soluble  acid — the  digestion 
and  washing  processes.  The  first  method  consists  in 
pouring  gradually  about  500  C.  C.  of  cold  distilled  water 
upon  a  quantity  of  superphosphate,  shaking  repeatedly, 
and  filtering  the  liquid  after  standing  from  2  to  3  hours. 
The  method  results  differently  according  to  the  time  the 
substance  is  digested  with  water.  It  is  not  applicable 
when  considerable  quantities  of  ferric  oxide  and  aluminum 


*  When  iron  and  aluminum  phosphates  remain  undissolved, 
their  quantity  is  determined  in  a  separate  portion  (p.  284). 
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are  contained  in  the  superphosphate,  because  the  soluble 
iron  or  aluminum  phosphate  gradually  decomposes  with 
water  and  separates  as  an  insoluble  tribasic  phosphate  of 
iron  or  aluminum  (Riimpler).  The  results  are  consequently 
too  low. 

The  washing  metliod  has  already  been  described  above. 
(Determination  of  the  constituents  of  superphosphates 

 soluble  or  insoluble.)    This  yields  the  most  accurate 

results. 

As  to  the  estimation  of  the  phosphoric  acid  itself,  pur- 
sue the  course  given  on  page  284 ;  evaporate  with  sodium 
carbonate,  and  fuse  the  ignited  residue  with  the  same  and 
potassium  chlorate,  precipitating  the  acid  from  the  nitric 
acid  solution  with  ammonium  molybdate  or  titrating  with 
a  uranium  solution. 

Determination  of  the  reverted  Phosphoric  Acid. — The 
residue  after  extracting  the  soluble  acid  with  water  is 
used.  Fresenius  discovered,  that  if  this  residue  be  treated 
with  ammonium  citrate  (acid  ammonium  citrate)  of  sp. 
gr.  1.09,  only  the  acid  calcium  phosphate  2CaO.H2O.P2O5 
is  dissolved  whilst  the  undecomposed  calcium  phosphate 
existing  in  the  superphosphate  remains  perfectly  insoluble. 
After  treating  about  2  grms.  of  the  superphosphate  with 
water,  the  residue  is  washed  perfectly  with  aid  of  a  wash 
bottle  filled  with  a  solution  containing  100  C.  C.  ammo- 
nium citrate  of  1.09  sp.  gr.  into  a  beaker  glass,  this  then 
digested  for  half  an  hour  at  a  temperature  of  from  30°  to 
40°  C.  and  filtered.  The  insoluble  residue  is  washed  out 
with  a  mixture  ot  equal  parts  of  the  above  ammonium 
citrate  solution  and  two  to  three  times  as  much  water. 
The  filtrate  is  evaporated  to  dryness  in  a  platinum  dish 
and  the  residue  ignited  alone  and  then  with  sodium  car- 
bonate and  nitrate  and  the  temperature  greatly  increased. 
After  coolincr  the  residue  is  treated  with  water,  the  liquid 
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uciduhited  with  nitric  uciil  and  heat  applied  until  the  solu- 
tion is  complete.  Precipitate  the  phosphoric  acid  in  the 
solution  with  ammonium  molybdate,  or  titrate  it  with  a 
uranium  acetate  solution  (p  118). 

The  quantity  of  the  reverted  phosphoric  acid  may  be 
indirectly  calculated  from  the  diffisrence.  In  this  case 
determine  the  entire  quantity  of  phosphoric  acid  remain- 
ino-  after  treatino;  with  water  and  ammonium  citrate,  both 
that  soluble  and  insoluble  in  water. 

If  b  represents  the  sought  quantity  of  reverted  phos- 
phoric acid, 
S  the  entire  quantity  of  acid, 
a  =  portion  soluble  in  water, 
c  =  the  insoluble,  then 

S=a  -\-h  -\-  c  and  h  =  S — {a -\- c). 

Bone  Dust. 

In  a  complete  analysis  not  only  the  fixed  constituents 
contained  in  the  bones  but  also  the  fat  and  gelatigenous 
substances  must  be  regarded. 

The  water  is  determined  by  drying  a  sample  at  125°  C. 

For  the  estimation  of  the  total  amount  of  the  fixed  con- 
stituents proceed  as  directed  in  the  analysis  of  Guano,  and 
ignite  5  to  10  grms.  of  the  undried  powder,  until  the  ash 
appears  white.  The  residue  is  used  in  distinct  portions 
for  the  estimation  of  the  fixed  constituents,  proceeding  as 
on  page  283.  In  many  instances  in  the  analysis  of  bone 
dust  merely  the  phosphoric  acid  is  to  be  determined.  The 
ignited  residue  (not  necessary  to  be  burned  white)  is  fused 
with  four  times  its  weight  of  a  mixture  of  two  parts  soda 
and  one  part  nitre,  proceeding  as  on  page  283. 

The  fat  is  estimated  by  exhausting  a  weighed  portion 
of  the  undried  powder  with  anhydrous  etlier,  the  latter 
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driven  off,  and  the  weight  of  the  i*esidue  dried  at  100°  C. 
determined. 

Gehitigenous  substance  cannot  be  dii-ectly  determined : 
the  amount  of  it  is  expressed  by  difference,  if  from  the 
total  weight  of  the  fixed  constituents,  fat,  carbon  dioxide 
and  water  are  deducted. 

Nitrosen  and  carbon  dioxide  are  determined  as  in 
Guano. 

Bone  Black. 

Bone  black  presents  a  mixture  of  calcium  phosphate, 
carbonate,  and  carbon,  and  contains  generally  small  quan- 
tities of  ferric  oxide,  magnesia,  soda,  sulphuric  acid  (flu- 

oi'ine),  etc. 

Determine  the  moisture  by  drying  a  sample  at  120°  C. 

A  second  portion  of  the  powder  (about  5  grms.)  is  taken 
for  the  estimation  of  the  carbon  dioxide  (after  page  33), 
and  the  remaining  constituents.  The  hydrochloric  acid 
solution  remaining  in  the  apparatus  is  filtered  through  a 
weighed  filter,  and  the  residue  dried  at  the  same  tempera- 
ture  until  the  weight  is  constant.  This  consists  of  carbon, 
the  insoluble  organic  material,  as  well  as  sand  and  clay. 
By  igniting  to  complete  combustion  of  the  carbon,  sand 
and  clay  will  remain  ;  the  quantity  of  carbon  and  other 
organic  matter  is  expressed  by  the  difference. 

The  hydrochloric  acid  solution  filtered  from  the  carbon, 
and  containing  calcium,  magnesium,  ferric  oxide  (alka- 
lies), phosphoric  and  sulphuric  acids  is  examined  accord- 
in  to  the  method  described  in  the  analysis  of  Plant  Ashes 
on  page  277. 

When  hydi-ochloric  acid  is  contained  in  bone  black  it  is 
determined  in  a  separate  portion  (p.  287). 
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Fuel. 

According  as  the  fuel  undci-  examination  is  to  be  ap- 
plied, a  perfect  analysis  (estimation  of  carbon,  hydrogen, 
nitrogen,  sulphur  and  ash),  as  well  as  an  estimation  of  its 
technical  value  in  producing  heat  effect  and  coke,  etc., 
may  be  of  interest  and  desirable. 

Determination  of  the  Water — The  amount  of  water  is 
expressed  by  the  difference  in  weight  of  a  finely  pulverized 
and  weighed  sample  dried  at  125°  C.  Owing  to  the 
porous  property  of  individual  fuels,  as  well  as  their  ability 
to  absorb  gases,  it  is  necessary  to  weigh  the  substance  in 
a  tightly  covered  glass,  and  ascertain  the  weight  of  the 
dry  sample  immediately  after  cooling. 

Determination  of  the  Carbon  and  Hydrogen. — Deter- 
mine the  carbon  either  according  to  page  221,  or  if  the 
estimation  of  the  hydrogen  is  not  needed,  after  the  method 
of  Ullgren  (p.  229). 

In  applying  the  method  described  on  page  221,  replace 
the  porcelain  tube  with  one  of  glass  about  60  Cm.  long, 
and  drawn  out  to  a  point  at  one  end.  Use  lead  Chromate 
in  burning.  As  the  hydrogen  is  calculated  from  the 
water  produced,  care  must  be  taken  tliat  the  combustion 
tube  and  lead  Chromate  are  perfectly  dry.  The  tube  is 
most  easily  freed  of  moisture  by  moving  it  back  and  forth 
in  a  smoky  flame,  and  sucking  out  the  heated  air  with  the 
aid  of  a  long  glass  tube.  While  yet  hot  it  is  closed  with 
a  cork  containing  a  calcium  chloride  tube,  and  allowed  to 
cool.  In  the  mean  time  the  lead  Chromate  may  be 
heated  in  a  copper  or  porcelain  crucible,  and,  while 
warm,  introduced  into  a  tube  or  flask  that  can  be  well 
closed. 
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The  fillino-  with  lead  Chromate  and  the  substance  is  the 
same  as  described  on  page  288.  After  mixing  well,  the 
front  portion  of  the  tube  is  filled  with  a  layer  of  lead 
Chromate  15  Cm.  long,  and  then,  after  creating  a  channel 
by  tapping  on  the  tube,  a  copper  wire  roll  is  introduced. 
To  catch  the  Avater  produced,  the  anterior  part  of  the 
tube  is  connected  with  a  calcium-chloride  tube  previously 
•weighed,  and  this  joined  with  the  soda-lime  tubes  (p.  34) 
and  the  unweighed  protection  tube.  As  in  using  lead 
Chromate  no  sulphurous  acid  is  formed,  the  addition  of 
a  tube  with  chromic  acid  is  not  necessary  (p.  223),  and 
it  is  advisable,  to  enable  one  to  control  the  course  of  the 
combustion,  to  substitute  Liebig's  bulbs  (Fig.  34)  for  the 
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soda-lime  tube,  and  to  insert  this  between  the  calcium 
chloride  tube  and  that  filled  with  soda-lime.  So  much 
potassium  hydrate  of  1.27  sp.  gr.  is  filled  in  the  apparatus 
that,  upon  sucking  at  the  tube  «,  the  large  bulb  will  be 
about  half-filled  with  liquid. 

Owing  to  the  nitrogen  in  the  fuel  the  combustion  can- 
not be  made  directly  in  a  stream  of  oxygen,  because  this 
would  favor  the  production  of  nitrogen  trioxide,  and  the 
increase  in  weight  of  the  apparatus  would  be  far  beyond 
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the  proper  limit.  The  front  portion  of  the  tube  is  first 
heated  to  a  faint  redness,  and  the  ignition  gradually  con- 
tinued along  its  entire  length.  If  almost  all  the  carbon 
and  hydrogen  are  in  this  manner  oxidized  to  carbon  di- 
oxide and  water,  indicated  by  the  retreating  (sucking 
back)  of  the  potassium  into  the  large  bulb,  connect  the 
drawn-out  point  of  the  tube  with  an  oxygen  gasometer, 
and  continue  lieating  for  a  quarter  of  an  hour,  with  a  slow 
current  of  oxygen  passing  through  the  tube.  Now  inter- 
rupt the  combustion,  and  ascertain  the  increase  in  weight 
of  the  calcium  chloride  tube  and  both  vessels  intended  for 
the  absorption  of  the  carbon  dioxide. 

When  there  is  a  high  percentage  of  ash,  and  in  the 
presence  of  carbonates,  regard  must  be  paid  to  the  in- 
structions on  page  28  d. 

Determination  of  Nitrogen — (See  p.  288.) 

Determination  of  the  Sulphur. — The  process  described 
on  page  134  is  very  applicable  in  estimating  the  sulphur 
compounds  (iron  sulphide)  contained  in  the  material 
under  investigation.  A  sample  of  the  fuel  is  weighed* 
off  in  a  porcelain  or  platinum  boat,  the  latter  shoved 
into  a  combustion  tube,  which  is  connected  upon  the 
one  side  with  a  gasometer  filled  with  oxygen,  upon  the 
other  with  the  absorption  apparatus  (p.  135)  serving 
for  the  oxidation  of  the  sulphur.  On  heating  the  sam- 
ple in  the  boat  in  the  oxygen  stream,  all  the  sulphur  will 
be  oxidized  to  sulphurous  acid,  which  is  conducted  into 
a  bromine  solution  and  changed  to  sulphuric  acid,  and 
determined  as  barium  sulphate  (p.  136). 


*  To  analyze  the  ash,  take  for  the  determination  about  10 
grms.  of  substance. 
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Analysis  of  the  Ash. 

The  residue  from  the  above  combustion  will  suffice  for 
this  analysis,  Avliich  is  executed  as  given  on  page  278. 

Determination  of  the  Heating  Power.    Method  of  Ber- 

thier  Based  upon  "Welter's  law,  according  to  which  the 

quantity  of  Avarmth  which  combustibles  afford  upon  igni- 
tion is  proportional  to  the  oxygen  which  was  required 
for  the  combustion  of  the  carbon  and  hydrogen  contained 
in  them.  Although  Favre  and  Silbermann  have  shown 
that  the  law  of  "Welter  is  not  exactly  correct,  it  gives 
sufficiently  accurate  results  for  the  technical  valuation  of 
material  intended  for  heating  purposes. 

A  gramme  of  the  pulverized  and  dried  material  is 
placed  in  a  crucible  together  with  40  gi-ms.  of  litharge, 
and  the  mixture  covered  with  30  grms.  more  of  the 
same  substance,  and  gradually  heated  to  a  red  glow,  the 
entrance  of  reducing  gases  being  avoided.  The  tem- 
perature must  be  so  regulated  that  the  litharge  does  not 
become  liquid  until  the  carbon  has  been  burned.  After 
ignition  for  three-quarters  of  an  hour,  the  reduction  will 
be  complete.  The  liquid  litharge  is  then  either  poured  off 
from  the  lead  (see  p.  186),  or  the  crucible,  that  has  cooled 
slowly,  is  broken  open,  and  the  reduced  lead  freed  from 
adhering  litharge. 

Thirty -four  parts  of  reduced  lead  correspond  to  one  part 
of  pure  carbon.    If  a  represents  the  found  quantity  of 

lead,  ^100  expresses  the  relation  of  the  burning  value 

of  the  fuel  to  that  of  the  pure  carbon.    "W^s  there,  for 
example,  after  the  reduction  of  1  grm.  of  the  fuel,  10 
grms.  of  metallic   lead,  its  heating   value  would  be 
100  =  29.41  per  cent,  against  that  of  the  pure  carbon. 
Forchhummer  used  a  mixture  of  three  parts  of  litharge 
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ulul  one  purl,  of  Iciul  cliloruk',  instead  of  (lie  |iiin'  Ii|.Iiar;r(', 
ibi-  tlic  reduction.  Tliis  in  individual  cases  (r.  </.,  lurf 
and  Avood)  answered  better  tlian  tlie  [iure  litluu-jre. 

Tlie  presence  of  a  large  quantity  of  ii'on  sulpliidi!  in  tiie 
fuel  renders  the  estimation  inaccurate,  because  it  lias  a 
reducing  effect  upon  the  litharge. 

Determining  the  Cole — This  estimation  is  usually  so 
executed  that  20-40  grms.  of  the  coarsely  powdered  and 
dried  material  (125°  C.)  are  heated  in  a  well-closed  cru- 
cible over  the  gas  lamp  as  long  as  combustible  gases  escape 
between  the  crucible  edge  and  cover.  When  the  gas 
liberation  has  ceased,  the  yet  hot  crucible  is  placed  in  a 
desiccator,  and  its  weight  determined  immediately  after 
cooling.  If  it  is  expected  to  obtain  accordant  results  by 
this  process,  care  must  be  taken  that  all  the  samples  are 
examined,  if  possible,  under  like  conditions,  as  gas  pres- 
sure, similar  lamps,  and  in  one  and  the  same  crucible. 

Soda  Ash. 

For  the  valuation  of  the  commercial  soda,  generally  the 
amount  of  sodium  carbonate  is  all  that  is  estimated,  for 
Avhicli  purpose  two  different  ways  may  be  pursued. 
Either  the  carbon  dioxide  is  determined,  or  the  aqueous 
solution  of  the  substance  is  neutralized  with  an  acid  of 
known  strength,  and  the  sodium  carbonate  calculated 
from  the  found  dioxide  or  from  the  volume  of  the  stand- 
ardized acid  used. 

In  regard  to  the  first  process,  the  carbon  dioxide  is  gen- 
erally estimated  by  the  loss  of  weight  which  the  sample 
suffers  when  decomposed  with  acids,  less  frequently  by  the 
direct  weighing  of  expelled  carbon  dioxide  as  described 
on  page  83. 
2G 
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Of  the  muny  proposed  forms  of  a])paratus  for  determining 
the  carbon  dioxide  by  loss  of  weiglit,  I  will  here  mention 
more  minutely  only  two — that  of  Fresenius  and  Will,  and 
that  of  Möhr. 

Fig.  35. 


The  first  (Fig.  35)  consists  of  two  flasks,  K  and  K', 
which  are  connected  by  the  glass  tube  b.  K  contains  the 
sulphuric  acid,  serving  for  the  decomposition  of  the  sample ; 
K'  for  the  solution  of  the  carbonate.  The  glass  tube  d  is 
closed  at  its  exterior  end  c  with  a  wax-ball,  or  better  with 
a  little  plug  of  wood  or  small  glass  rod;  the  tube  a  is  open 
at  both  extremities.  Fill  K  about  half  its  volume  with 
concentrated  sulphuric  acid,  and  K'  to  one-third  its  capa- 
city with  water,  introducing  then  into  the  latter  flask  the 
sample  of  the  soda  ash,*  dried  at  100°  C,  and  determine 
the  weight. 

The  air  in  both  vessels  is  diluted  by  sucking  on  a  rub- 
ber tube  attached  at  a,  whereby  a  portion  of  the  sulphuric 
acid  passes  over  through  b,  toward  K',  and  the  carbonate 
is  decomposed.  The  liberated  carbon  dioxide  must  pass 
through  the  remaining  sulphuric  acid  in  K,  as  d  is  closed 

*  The  water  in  the  soda  Is  ascertained  by  igniting  a  separate 
portion. 


SOP  A  A  Sir. 


;il  c.  Wlicn  llic  (lis('iii2,:iii('in('nl,  (if  liiis  in  K'  cciiscs,  suck 
:il  a,  Jind  rt'pi'ut  this  (ipcnil ioii  until  all  the  sodiiuu 
carhouiite  is  fully  (Iccoinposed.  Finally  all  tlu;  siilphui-ic 
acid  is  allowed  to  pass  over  into  K;  this  is  atleiuled  with 
sucli  an  increase  in  heat  in  the  contcMils  of  the  Hask  that 
the  carbon  dioxide  absorbed  by  the  licpiid  will  be  ra,pidly 
expelled.  The  obstruction  at  c  is  removed,  and  by  suck- 
in"-  at  a  the  carbon  dioxide  contained  in  the  ai)i)aratns  is 
replaced  by  atmospheric  air.  After  cooling,  weigh  the 
ai)i)aratus.  The  dilTerence  between  the  two  weights  will 
re[)resent  the  amount  of  carbon  dioxide. 


Fig.  .36. 


If  the  soda  contains  sulphides,  sulphites  or  hyposulphites 
(commercial  soda-ash),  there  esca[)e,  besides  the  carbon 
dioxide,  hydrogen  sulphide  and  sulphurous  acid.  An  ex- 
cess of  potassium  chlorate  is  added  to  the  solution  of  the 
sample,  which  oxidizes  the  above-mentioned  gases  to  sul- 
phuric acid.  In  the  presence  of  chlorides  the  resulting 
percentage  is  too  high,  due  to  the  liberated  hydrochloric 
aciil  gas,  which  may  be  avoided  by  the  addition  of  silver 
nitrate. 
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In  Fig.  36  is  exhibited  the  construction  of  Mohr's  ap- 
paratus, which  may  be  particularly  used  to  advantage  if 
oxides  are  present,  which  form  insoluble  sulphates  with 
the  acid  (e.  g.,  estimation  of  carbon  dioxide  in  calcite). 
K  is  a  ilask  of  100  C.  C.  capacity,  intended  for  the  de- 
composition of  the  substance;  a  contains  hydrochloric 
acid ;  h  contains  concentrated  sulphuric  acid.    Proceed  as 
before.    Suck  on  the  tube  c,  and  at  the  same  time  open 
the  pinchcock  at  d.   The  latter  is  closed  immediately  when 
sufficient  hydrochloric  acid  has  passed  from  a  to  K, 
whereby  the  carbon  dioxide  must  stream  through  h,  and 
will  be  dried  by  the  sulphuric  acid.    When  the  evolution 
of  gas  ceases,  repeat  the  above,  and  finally  permit  the  en- 
tire quantity  of  hydrochloric  acid  in  a  to  enter  the  flask 
K.    The  pinchcock  at  d  is  opened  ;  the  carbon  dioxide 
remaining  in  the  apparatus  is  removed  by  drawing  upon  c 
with  the  mouth. 

Another  method  of  ascertaining  the  amount  of  carbon- 
ate in  soda  ash  consists  in  using  a  standardized  acid. 
Tlie  point  of  saturation  is  indicated  by  the  litmus  tincture, 
which  has  been  added  to  the  solution  of  the  alkaline  car- 
bonate, changing  in  color  from  blue  to  red.  As  we  know 
accurately  the  quantities  of  the  different  oxides  which  are 
necessary  to  form  neutral  salts  with  a  certain  acid,  the 
quantity  of  carbonate  may  be  calculated  from  the  volume 
of  acid  employed. 

For  this  purpose  sulphuric,  hydrochloric  and  oxalic 
acids  are  excellent.  In  manufactories,  where  similar  de- 
terminations are  daily  executed,  to  escape  any  further  cal- 
culation of  the  results,  so-called  normal  acids  are  employed, 
i.  e.,  such  as  contain  in  1  litre  the  molecule  of  the  respective 
acid  expressed  in  grammes.  In  using  sulphuric  or  hydro- 
chloric acids  the  preparation  of  a  normal  liquid  is  intolera- 
bly difficult  and  laborious.  One  is  invariably  obliged  to 
fix  the  standard  of  such  a  solution  by  means  of  a  separate 
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expcriinc'ut.  As  oxiilic  acid  is  n'otlcn  \)\\yn  willioul,  inucli 
trouble,  the  use  ol"  it  is  prclerable  if  il  is  desired  lo  obtaiu 
au  accurately  slandardized  solutiou  iii  a  short  time.  A 
solution  is  usually  employed  which  coulaius  (i..')  grnis. 
crystallized  oxalic  acid  (CJI,0^  +  -1^))^  eerlaiu 
cases  oue  which  has  O-G;')  grm.  oxalic  acid  in  a  liire  of 
water.  Sulphuric  acid  and  hydrochloric  acid  are  generally 
made  L  normal.  This  strength  is  a[)proxima,tely  reached 
when  sulphuric  acid  of  sp.  gr.  1.032  or  liydi-ochloric  acid 
of  sp.  gr.  1.018  are  used. 

Standardization  of  the  Acid. — Chemically  pure  dry  so- 
dium carbonate  will  serve  to  begin  with.  As  it  is  dillicult 
to  obtain  it  perfectly  pure,  the  liydrocarbonate  (sodium 
bicarbonate)  is  converted  by  gentle  ignition  into  the  neu- 
tral salt,  and  a  weighed  quantity  (about  1  to  1.Ö  grms.) 
of  the  latter  dissolved  in  water.  Tiiis  solution  is  mixed 
with  some  litmus  tincture*  (it  is  always  advisable  to  add 
the  same  volume  both  in  the  standardization  and  in  the 
subsequent  analysis),  and  the  acid  to  be  titrated  passed  in 
gradually  from  a  burette,  until  a  slight  reddening  of  the 
liquid  occvu-s,  then  boil.  By  boiling,  the  carbon  dioxide 
absorhed  by  the  liquid,  and  which  influenced  the  coloration 
of  the  litmus,  will  be  expelled,  and  the  liquid  again  become 
blue.  Another  portion  of  the  acid  is  added,  and  the  boiling 
rei)eated.  Finally  a  point  is  reached  when  the  next  drop  of 
acid  will  permanently  redden  the  liquid,  and  the  color  not 
disappear,  even  upon  protracted  boiling.  This  point  in- 
dicates the  close  of  the  reaction. 


*  Trciit  the  litmus  cubes  of  commerce  with  alcohol,  decant 
this  and  extract  the  residue  with  water.  Acidify  the  aqueous 
solution  witli  a  few  drops  of  sulj^huric  acid,  and  add  an  excess 
of  bariuni  liydrate.  This  latter  substiuice  is  removed  l)y  con- 
ducting carbon  dioxide  into  the  solution,  which  Is  boiled  and 
filtered.    The  litmus  is  kept  in  open  vessels. 

2(3* 
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This  inetliod  of  standardizjition  is  rather  tedious  and 
time-consuming,  and  is  especially  not  to  be  recommended 
if  we  have  no  idea  of  the  amount  of  the  acid  present 
(in  the  application  of  the  method,  the  amount  of  car- 
bonate), and  cannot  calculate  approximately  the  volume 
required  for  the  decomposition.    It  is  generally  preferred 
(and  this  process  is  also  more  accurate)  to  add  an  excess 
of  acid,  and  titrate  this  with  an  alkali  solution  of  known 
strength.    Möhr  uses  sodium  hydrate  for  this  purpose,  1 
C.  C.  of  which  neutralizes  an  equal  volume  of  acid. 
Such  a  solution  possesses  a  specific  gravity  of  1.25,  if  acids 
of  the  above  strength  are  taken.    The  sodium  hydrate 
possesses  the  misfortune  of  invariably  containing  more  or 
less  carbon  dioxide,  which  is  liberated  upon  the  addition 
of  an  acid  and  acts  upon  the  color  of  the  litmus  tincture. 
If  sodium  hydrate  is  replaced  by  ammonium,  the  change 
from  blue  to  red  and  the  reverse  will  be  quickly  indicated, 
as  no  free  carbon  dioxide  is  present  to  cause  any  hindrance. 
The  only  inconvenience  opposing  the  application  of  am- 
monium is  its  volatility.    This,  however,  is  easily  avoided 
if  a  more  dilute  solution,  one  of  about  0.993  specific  gra- 
vity, is  used. 

The  relation  of  the  acid  to  the  ammoniacal  liquid  (or 
sodium  hydrate)  is  first  fixed,  by  neutralizing  a  measured 
volume  of  the  acid,  mixed  with  litmus  tincture,  with  am- 
monium hydrate  until  the  red  color  changes  to  blue ;  then 
calculate  from  this  how  many  C.  C.  of  ammonium  hydrate 
1  C.  C.  of  the  acid  equals.  For  the  standardization  of 
the  acid,  add  an  excess  of  the  latter  to  the  solution  of 
sodium  carbonate,  and  titrate  the  excess  (when  ammonium 
hydrate  is  used,  not  until  the  liquid  is  cool)  with  sodium 
or  ammonium  hydrate.  It  is  superfluous  to  mention,  that 
sodium  or  ammonium  hydrate  is  added  until  the  color  of 
the  liquid  changes  from  red  to  blue. 
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If  n  C.  C  of  uimnoniiiiu  hydrate  were  used  for  the 
saturation  o'i  m  C.  C.  of  the  acid,  1  C.  C.  of  lh(!  acid  will 

corresi)ond  to  —  C.  C.  aninioniuni  hydrate.    AVerci  rC.C. 
in 

used  for  the  supersaturation  of  the  sodium  carbonate  solu- 
tion, and  for  the  titration  of  the  excess  t  C.  C.  of  ammo- 

nium  hydrate,  which  would  equal —<   C.  C,    there  must 

n 

have  been  necessary  for  the  neutralization  of  the  sodium 

carbonate  r  —  t  C.  C.  acid.    If  the  latter  is  expressed  by 

f,  and  if  a  grms.  sodium  carbonate  have  been  used  in  the 
experiment,  1  C.  C.  of  the  acid  will  correspond  to  ^  grms. 

sodium  carbonate.  From  this  the  amount  of  anhydrous 
acid  in  1  C.  C.  may  be  readily  calculated.  If,  for  example, 
in  using  sulphuric  acid  1  C.  C.  of  it  equals  a  grms.  sodium 
carbonate,  the  quantity  of  anhydrous  sulphuric  acid  in  1 
C.  C.  is  calculated  from  the  proportion — 
Na^C03  :  SO3  :  :  a  :  X. 

The  estimation  of  the  quantity  of  sodium  in  any  sample 
of  soda  is  made  exactly  as  in  the  standardization  of  tlie 
acid. 

If  the  soda  contains  sodium  hydrate,  sulphide  or  hypo- 
sulphite, these  are  decomposed  by  the  acid  in  titration,  and 
incorrectly  brought  into  the  equation  as  sodium  carbonate.* 

To  estimate  sodium  hydrate  in  the  presence  of  sodium 
carbonate,  precipitate  the  aqueous  solution  of  the  soda  ash 
with  an  excess  of  barium  hydrate,  and  determine  the 
sodium  hydrate  in  the  filtrate,  or  an  aliquot  portion  of  it, 
with  an  acid  of  known  strength.  Follow  the  above  in- 
structions. 

*  If  a  hyposulphite  is  not  present,  the  other  sul]jhur  com- 
pounds can  be  oxidized  with  potassium  chlorate  and  the  acpieous 
Solution  of  the  residue  titrated. 
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Both  sodium  sulphide  and  hyposulphite  may  he  deter- 
mined with  an  iodine  solution  of  known  strength  (p.  253 
and  p.  95).  The  solution  of  a  second  portion  is,  for  this 
purpose,  acidified  with  acetic  acid,  starch  paste  added  and 
then  titrated  with  an  iodine  solution,  thus  ascertaining  the 
quantity  of  hydrogen  sulphide  and  hyposulphurous  acid. 
A  second  portion  is  precipitated  with  an  ammoniacal  zinc 
solution  or  manganous  sulphate ;  the  sulphide  of  zinc  or 
manganese  is  filtered  off  and  the  hyposulphurous  acid  de- 
termined with  an  iodine  solution  in  the  filtrate. 

The  quantity  of  the  iodine  solution  required  in  the  de- 
composition of  the  sodium  sulphide  is  expressed  by  the 
diffei'ence. 

Instead  of  deducting  the  C.  C.  of  the  normal  solution 
corresponding  to  the  amounts  of  sodium  sulphide,  etc.,  and 
calculating  the  sodium  carbonate  from  the  remainder  of 
the  used  acid,  it  is  sometimes  preferred  to  estimate  the 
sodium  carbonate  by  a  direct  determination.  For  this 
estimation  the  precipitate  of  barium  carbonate  as  above 
obtained  is  particularly  adapted,  the  carbon  dioxide  in  it 
being  either  determined  with  standardized  hydrochloric 
acid  or  gravimetrically  after  the  method  given  on  page  33. 

Fresenius*  combines  the  carbon  dioxide  determination 
with  that  of  the  sodium  sulphide,  and  uses  an  apparatus 
similar  to  that  described  on  page  34.  For  the  experiment 
a  weighed  sample  of  the  soda  is  decomposed  with  hydro- 
chloric acid  in  the  flask.  To  condense  the  acid  volati- 
lized in  the  subsequent  boiling,  the  bulb-shaped  tube  h  is 
replaced  by  a  vertical  cooler  (see  Fig.  21,  p.  228).  The 
tubes  /  and  g  are  arranged  as  before.  To  absorb  the  hy- 
drogen sulphide,  g  is  connected  with  two  V-shaped  tubes 
containing  calcium  chloride  and  pumice-stone  filled  with 
copper  sulphate.    These  are  joined  to  the  soda-lime  tubes 


*  Zeitschrift  für  analytische  Chemie,  Jahrgang  10,  p.  75. 
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k  and  /.  Tlio  rciuaiiiinn'  i):irts  of  llic  :i|)|):ir:iUis  dcscrihcil  (p. 
34)  lire  not  iiUeird.  TIk!  puniicc-slone  is  lilled  wil-li  c.opixir 
sulpliiitc  by  sul.uni.ting  sniuU  pieces  oC  tlu^  lorniei-  witii  tlic 
latter  ((')0  grnis.  pumiec-stone  und  uboul  .'!()  grnis.  copper 
snl[)liute),  tlii.s  then  evuporuted  to  dryue.s.s.  The  dry 
pieces  ure  heuted  ubont  lour  liours  ut  läO'^-lGO"  C,  then 
phiced  in  chised  vessels  ibr  [)reservution.  The  tw  o  tubes 
ure  iilled  the  sunie  us  the  sodu-lime  tubes  {"^  copper  sul- 
phute  pumice-stone  und  i  culcium  chloride).  Proceed 
just  as  on  puge  35,  with  the  diflerence  that  for  the  expul- 
sion of  the  hydrogen  sulphide  the  liquid  contuined  in  K 
must  be  boiled  continuously  for  some  time  with  u  streum 
of  uir  constuntly  pussing  through  it.  From  the  increase 
in  weight  of  the  tulies  filled  with  copper  sulphate  pumice- 
stone  and  the  two  soda-lime  tubes,  we  obtain  tlie  quantity 
of  hydrogen  sulphide  und  carbon  dioxide. 

If  the  soda  contains  a  hyposulphite,  cure  must  be  taken 
that  this  is  decomposed  by  hydrochloric  acid,  with  the 
formation  of  sulphurous  acid.  This  would  also  be  ab- 
sorbed by  the  soda-lime  and  calculated  as  carbon  dioxide. 
To  render  the  method  applicable  under  such  circumstances, 
place  between  the  second  tube  containing  CuSO^  pimiice- 
stone,  and  the  soda-lime  tube  n,  a  tube  filled  with  chromic 
acid  (see  p.  223),  and  add  another  calcium  chloride  tube. 

The  soda  of  commerce  always  contains  sodium  chloride 
and  sulphate,  which  are  estimated  in  the  usual  manner. 
In  the  volumetric  determination  of  hydrochloric  acid  with 
silver  nitrate  (p.  44),  the  solution  of  the  substance  is 
first  neutralized  with  nitric  acid,  so  that  the  liquid  is  only 
very  slightly  alkaline. 

Pearl  Ash. 

Here  the  same  determinations  as  in  the  preceding  ex- 
ample are  necessaiy.    If  soda  is  mixed  with  the  pearl  ash 
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CRUDE  TARTAR  AND  OTHER  SALTS. 


the  titration  with  an  acid  is  useless  ;  the  quantity  of  potas- 
sium carbonate  in  the  presence  of  sodium  carbonate  must 
now  be  determined.  To  this  end  acidify  the  aqueous  solu- 
tion of  the  pearl  ash  with  acetic  acid,  heat  until  the  carbon 
dioxide  is  expelled,  and  precipitate  the  hot  solution  with 
lead  acetate.  After  cooling  reduce  the  liquid  to  a  definite 
volume,  and  as  soon  as  the  precipitate  has  subsided  pipette 
off  a  certain  amount,  which  is  treated  with  hydrogen  sul- 
phide to  precipitate  the  excess  of  lead.  The  filtrate  is 
evaporated  to  dryness  in  a  platinum  dish  with  addition  of 
liydrochloric  acid,  and  the  sum  of  the  alkaline  chlorides 
ascertained  (p.  26).  The  potassium  chloride  may  be 
determined  with  platinic  chloride  (p.  42),  or  the  chlorine 
(gravi metrically  or  volumetrically)  estimated  (p.  17  and 
p.  44),  and  from  the  found  chlorides  the  corresponding 
carbonates  calculated. 


Crude  Tartar  and  other  Salts  imparting  an 
Acid  Reaction. 

To  estimate  the  potassium  hydrotartrate  in  crude  tartar, 
titrate  the  aqueous  solution  of  the  same  with  sodium  or 
ammonium  hydrate.  The  amount  of  sodium  and  ammo- 
nium in  their  solutions  is  ascertained  by  an  acid  of  known 
strength  (p.  305). 

The  tartar  is  dissolved  by  boiling  with  a  sufficiently 
large  quantity  of  water  and  filtering  off  the  residue  of 
silicic  acid.  The  filtrate  is  mixed  with  litmus  tincture, 
and  the  alkaline  solution  (when  cold,  if  ammonium  hy- 
drate is  employed)  added  until  the  red  color  changes  to 
blue. 

In  certain  varieties  of  crude  tartar  no  blue  coloration 
occurs,  but  green  instead,  which  indicates  the  final  reac- 
tion fully  as  well. 

The  sodium  or  ammonium  liquid  of  known  strength  can 
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likewise  be  used  in  estiniixting  atlier  salt  solutions  having 
an  acicV reaction,  e.  g.,  the  estimation  of  potassium  or  so- 
dium hydrosulphates,  potassium  liydro-oxalate,  etc.,  and  of 
course  also  for  the  estimation  of  free  acids — sulphuric, 
hydrochloric,  nitric,  oxalic,  citric,  etc. 

Soap. 

In  the  valuation  of  soap  the  quantity  of  alkali,  fat  and 
moisture  is  to  be  determined. 

The  first  of  these  may  be  accomplished  by  titration  with 
sulphuric  or  hydrochloric  acid.  A  w^eighed  sample  of  the 
soap  is  dissolved  in  water,  and  so  much  acid  added  from  a 
burette,  until  a  drop  of  the  liquid  placed  on  litmus  paper 
produces  a  red  spot.  If  this  operation  occurs  in  a  weighed 
porcelain  dish,  the  same  sample  will  suffice  for  the  estima- 
tion of  the  amount  of  fat.  The  liquid  neutralized  with 
acid  is  allowed  to  cool,  then  decanted  from  off  the  solidified 
fat  and  the  latter  warmed  with  distilled  water  to  remove 
the  final  traces  of  alkali  inclosed  in  it.  After  cooling  de- 
cant the  water  and  dry  the  fat  in  a  porcelain  dish  at  110° 
C.,  until  constant  weight  is  secured. 

If  the  soap  contains  soda,  the  latter  is  determined  by 
the  estimation  of  the  carbon  dioxide  (p.  33  or  p.  302). 
Or,  a  weighed  sample  of  the  soap  may  be  exhausted  with 
absolute  alcohol,  and  the  insoluble  sodium  carbonate  dis- 
solved in  water  after  filtering,  and  determined  volumet- 
rically. 

The  amount  of  water  in  soap  is  ascertained  by  drying  a 
portion  of  the  latter  at  110°-120°  C. 

Nitre  (Saltpetre). 

Composition  Potassium  nitrate,  together  with  nitrates 

of  sodium,  calcium  and  magnesium,  and  alkaline  chlorides 
and  suli)hates. 
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NITRE. 


If  the  saltpetre  contains  no  other  nitrates,  the  quantity 
of  potassium  nitrate  is  calculated  frona  the  nitric  acid 
present. 

[Another  method  of  determining  nitric  acid  may  be  in- 
serted here. 

It  has  been  found  that  a  thin  plate  of  zinc,  coated  with 
copper  (formed  by  placing  the  former  metal  in  a  solution 
of  copper  for  a  few  minutes)  decomposes  water,  particu- 
larly on  warming,  with  the  formation  of  zinc  hydrate  and 
the  evolution  of  hydrogen. 

The  hydrogen  so  eliminated  is  capable  of  reducing  nitric 
acid  in  combination  to  the  state  of  ammonia — 

NO3K  4-  4H,  =  NH3  +  HKO  +  2H,0. 

This  reaction  constitutes  the  basis  of  a  method  of  deter- 
mining nitric  acid  in  nitrates. 

About  25  to  30  grms.  of  thin  sheet  zinc  are  placed  in 
a  flask  of  about  200  C.  C.  capacity,  and  covered  with  a 
moderately  concentrated  and  slightly  warmed  solution  of 
copper  sulphate.  In  about  ten  minutes  a  thick  spongy 
coating  of  copper  will  be  deposited  on  the  zinc  ;  the  liquid 
is  poured  oiF  the  metals,  which  are  now  well  washed  with 
cold  water,  and  covered  with  about  40  to  50  C.  C.  of  p,ur.e 
water.  Weigh  out  about  0.5  grm.  of  pure  nitre  into  the 
flask,  which  is  then  placed  in  a  sand-bath  and  connected 
with  a  condensing  arrangement.  The  liquid  is  gradually 
heated  to  boiling  and  distilled  for  about  an  hour.  The 
distillate  is  poured  from  a  receiver,  and  evaporated  to 
dryness  in  a  porcelain  basin  over  the  water-bath  with 
an  excess  of  platinum  tetrachloride,  and  the  double  salt 
treated  as  usual.] 

Or,  as  already  mentioned  on  page  242,  the  nitrates  are 
decomposed  by  ferrous  salts  in  the  presence  of  hydrochloric 
acid,  with  the  formation  of  ferric  oxide,  water  and  nitrogen 
oxide.  To  estimate  the  nitric  acid,  heat  a.sample  of  the  salt 
with  exclusion  of  a,ir  (see  Fig.  5)  together  with  a  Aveighed 
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quantity  in  excess  of  iron  or  ferrous  ammonium  sulpliatc  (p. 
77),  anil  add  liydrocliloric  acid.  When  tlio  decomposition 
is  complete,  determine  the  i-emainder  of  the  unoxidized 
ferrous  salt  with  permanganate  or  potassium  bichromate 
(p.  75  and  p.  79),  or  determine  directly  with  stannous 
chloride  the  ferric  oxide  that  has  been  formed  (p.  80). 
The  calculation  is  readily  made  from  the  formula  (p.  242). 

When  the  valuation  of  saltpetre  is  to  be  determined, 
which  contains  not  only  potassium  nitrate  but  also  other 
nitrates,  the  preceding  method  is  not  applicable.  Nothing 
other  than  a  potassium  determination  is  to  be  relied  upon. 
The  nitrates  are  for  this  purpose  converted  into  chlorides, 
which  is  accomplished  by  repeatedly  evaporating  them  to 
dryness  with  fuming  hydrochloric  acid  or  by  several  igni- 
tions with  ammonium  chloride.  The  potassium  is  deter- 
mined as  double  chloride  of  platinum  and  potassium.  (See 
p.  42.) 

If  compounds  of  calcium  and  magnesium  are  present, 
they  must  be  first  removed  (p.  45). 

The  sulphuric  and  hydrochloric  acids  are  determined 
according  to  page  15  and  page  17. 

The  moisture  is  ascertained  by  drying  the  samples  at 
120°  C. 

Gunpowder. 

Composition  Nitre,  carbon,  sulphur  (and  water). 

The  usual  method  for  the  analysis  of  gunpowder  consists 
in  drying  a  sample  over  concentrated  sulphuric  acid  in  a 
desiccator  or  at  70°  C,  and  washing  it  upon  a  weighed 
filter  with  hot  water  to  perfectly  remove  the  nitre.  The 
filtrate  is  evaporated  to  dryness  in  a  weighed  platinum 
dish,  the  residue  dried  at  120°  C.  and  weighed.  The  dif- 
ference in  weight  represents  the  total  amount  of  carbon  and 
sulphur.  To  estimate  the  latter  exhaust  the  dried  residue 
27 
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with  carbon  disulphide  or  with  ammonium  sulphide.  The 
sulphur  may  also  be  calculated  by  difference  if  the  carbon 
dried  at  100°  C.  is  ascertained,  or  in  using  carbon  disul- 
phide the  filtrate  is  evaporated  to  dryness  and  the  residual 
sulphur  dried  carefully  at  70°  C.  and  weighed. 


[  Use  of  Platinum  Vessels. 

As  platinum  vessels  are  so  commonly  used,  the  subscribed 
notes  should  be  observed. 

The  following  bodies  should  not  be  treated  in  platinum 
vessels  : — 

1.  The  caustic  alkalies  as  well  as  baryta  and  strontia 
and  their  nitrates  at  a  red  and  melting  heat. 

2.  Fusible  metallic  sulphides  or  mixtures  of  sulphides 
with  carbon  ;  thus,  in  particular,  the  alkaline  sulphides. 

3.  Phosphates  and  carbon,  which  at  a  high  heat  give 
rise  to  platinum  phosphide. 

4.  Metals  that  are  easily  fused,  or  mixtures  of  the  oxides 
with  substances  which  reduce  them  (carbon).  These 
form  fusible  alloys  with  platinum. 

5.  Chlorine,  and  all  mixtures  that  liberate  chlorine, 
either  in  the  cold  or  by  heat;  for  instance,  fusible  mixtures 
of  a  metallic  chloride  and  a  nitrate,  of  ammonium  sulphate 
and  chloride. 

Platinum  crucibles  may  be  cleaned  by  fusing  borax  or 
potassium  bisulphate  in  them.  They  are  afterwards  di- 
gested in  dilute  acid,  or  scoured  with  fine  round  sand  and 
water.] 
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TAIU.es  FOR  THE  C'AECULATION  OF  ANALYSES. 


Atomic  und  molecular 

100  i)arts  con- 

weight. 

tain 

Aliimimim  . 

Al  27.3 

■ 

Aliuniiuiiu  oxide  . 

Al.Og  1()2.4,S 

53.28  Al 

Aiitiiiiony 

Sb']22 

Aiitiiuoniate  of  teroxide 

of  antimony  . 

SbO.,  li)4 

79.22  Sb 

Antimony  suljiliide 

Sb.,S3  340 

71.76  Sb 

Arsenie 

As'74.!) 

Magnesium  p}  io-arsenate 

Mg.ASjO,  309.4 

48.42  As 

Ammonium  -  magnesium 

2MgO(NH,).,0  + 

(  39.49  As 
<  60.O3  As^Os 

arsenate 

As.,05+H,0  379.34 

[  80.44  As^Oj 

Barium 

Ba  13G.8 

Barium  sulphate 

BaSO^  232.02 

f  58.81  Ba 
[  6o.6  I  BaO 

Bnrinin  sllieo-fluoride 

BaSiFlg  279.4 

1  48.96  Ba 
1  54.67  BaO 

Beryllium 

Be  9.3 

Bismuth 

Bi  210 

Bismuth  oxychloride 

BiOCl  261.5 

80.30  Bi 

Boron  .... 

B  11 

Boracic  acid  . 

B,,03  70 

31.42  B 

Boro-fluoride  of  potassium 

KBFl^  126.1 

1   8.73  B 
[  27.75  B.^Oj 

Bromine 

80 

Silver  bromide 

AgBr  188 

42.55  Br 

Cadmium 

Cd  112 

Cadmium  oxide 

CdO  128 

87.50  Cd 

Cadmium  sulphide 

CdS  144 

1  77.77  Cd 
1  88.88  CdO 

Caisium 

Cs  133 

Calcium 

La  40 

Calcium  oxide 

CaO  56 

71.42  Ca 
j  40.00  Ca 

Calcium  carbonate 

CaCOg  100 

1  50.00  Ca,0 

Calcium  sulphate  . 

CaSO^  130 

j  29.41  Ca 
t  41.17  CaO 

Cerium 

Ce  92.10 

Ciilorine 

CI  35.5 
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Tables  for  the  Calculation  of  Analyses — continued. 


Atomic  aBd  molecular 
weight. 


Silver  chloride 
Curb  on 

Carbon  dioxide 
Calcium  carbonate 
Chromium 
Chromic  oxide 

Barium  Chromate  . 


Lead  Chromate 
Cobalt  . 

Cobaltous  oxide 
Copper 
Cupric  oxide 
Copper  sulphide 
Didymium  . 
Erbium 
Fluorine 
Calcium  fluoride 
Gold  . 
Hydrogen 
Water  . 
Iodine  . 
Silver  iodide 
Palladious  iodide 
Indium 
Iridium 

Iron 

Lanthanum  . 
Lead    .       -  . 
Lead  oxide  . 

' '  chloride 
"  sulphide 
"  sulphate 


AgCl  143.5 
C  12 
CO2  44 
CaCOa  100 
Cr  52.4 
Cr,03 


BaCrO^  253.4 


PbCrO^  323.4 

Co  59 
CoO  75 
Cu  63.3 
CuO  79.3 
CujS  158.6 
Di  94.96 
E  112.6 
Fl  19 
CaFlj  78 
Au  196.7 
H  1 

H^O  18 
I  127 
Agl  235 
Pdl,  360.5 
In  113.4 
•Ir  196.8 

f  Fe  56 

I  Fe^Oa  160 
La  92.8 
Pb  207 
PbO  223 

PbCl^  278 


PbS  239 
PbSO^  304 


100  parts  con- 
tain 


24.73  CI 

27.27  C 
44.00  CO2 

68.57  Cr 
(  20.67  Cr 
^  29.54  CrjOj 
[  39.62  CrOg 
(  16.20  Cr 
\  23.62  Cr.,03 
[31.04  CrOs 

78.66  Co 

79.82  Cu 
79.82  Cu 


48.71  Fl 


11.11  H 

54.04  I 
70.45  I 


70  Fe 
90  FeO 


92.82  Pb 
f  74.46  Pb  and 
I  80.21  PbO 
f  86.61  Pb  and 
I  93.29  PbO 
f  68.31  Pband 
73.59  PbO 
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Tables  for  the  Calculation  of  Analyses — contiiiLied. 


Atomic  and  molecular 
weiffht. 


lüd  parts  con- 
tain 


Lithium 

Lithium  chloride  . 

Lithium  sulphate  . 

jNIagnesium  . 
Magnesia 

"  pyrophospliate 
Manganese  . 

Manganese  sulphide 

Manganese  protosesqui- 
oxide 

Mercury 

"      sulphide  . 

Mcrcurous  chloride 

Molybdenum 

"  sulphide  . 

ISfickel .       .       .  . 
Nickelous  oxide  . 
Niobium 
Nitrogen 

Ammonium  chloride 

Am.  plat,  chloride 

Osmium 
Oxygen 
Palladium 
Phosphorus  . 

Magnesium  pyrophos- 
phate 

Calcium  phosphate 


Li  7 

LiCl  42.5 

Li,,SO.j  110 

Mg  24 
MgO  40 

Mg.P.Oj  222 

Mn  .55 

MnS  87 

I  MUjO.^  229 

Hg  200 
HgS  232 

HgCl  23 5.. 5 

Mo  95. G 
M0S3  igi.fi 
Ni  59 
NiO  75 
Nb  94 
N  14.01 

NH.Cl  53. 3S 


N,HgPtCl  444.94 


Os  198.6 
O  16 
Pd  106.5 
P  30.96 

|Mg,P,0,  221.52 

Ca,,P,08  309.30 
27* 


J  16.47  Li 
I  35.29  Li,0 
(  12.72  Li 
\  27.27  Li,0 
[  77.27  LiCl 

60.00  Mg 
I  21.62  Mg 
[  36.03  MgO 

r  63.21  Mn 
i  81.60  MnO 
[  90.80  Mn^^O^ 
(  72.05  Mn 
\  93.01  MnO 
[  103.49Mn.Pj, 

86.20  Hg 
j  84.92  Hg 
184.92 

49.90  Mo 

78.66  Ni 


26.24  N 
31.87  NH3 
6.297  N 
7.65  NH3 
8.09  NH4 


27.95  P 
63.98  P4O5 
85.59  PO, 
45.82  P.A 
63.24  H3PO, 


318     TABLES  FOR  CALCULATION  OF  ANALYSES. 


Tables  for  the  Calculation  of  Analyses — continued. 


xxuCJUliC  (111 LI  lllUlcCtllar 

weight. 

parts  con- 
tain 

■  J 

Platinum 

 .  - 

Pt  197 

K  39.04 

P  o t a  s s  1  u ni  oli lori de 

KCl  74.41 

52.47  K 

(  63.19 

PotRssium  sulnliatG 

K„SO.  173.9 

\  44.89  K 

(  54.08  KjO 

f 16.03  K 

Potassium  plat,  chloride 

KjPtClg  487 

J  19.31  K^O 
\  30.56  KCl 

1^35.71  K^SO^ 

Phodium  ... 

Rh  104 

"RiiIihIihtti 

J. li  lA       1  Vt.  1 1-4.  llJi             •                      •  • 

Rb  85.4 

Ruthenium  . 

Ru  104 

S  rtl  A  ni  n  tyi 

KJ  C  IC 11 1  Ll  111           •              •  • 

Se  79.4 

Silver  .... 

Ag  107.6 

V^lliUl  Iv-lVj            •  • 

Ao-Cl  143  03 

75  27  Aff 

kJllUj'Jll  •                 •                 •  • 

Si  28 

Silicic  acid  . 

SiOj  59.92 

46.73  Si 

Si  /^rl  m  Tin 

22 

til    £j  id  *  O  U 

"  chloride 

"XT'     /~n     ^1-1    c\  n 

NaCl  58.36 

1  39.39  Na 
1  53.07  Na^O 

"     sulphate  . 

NajSO^  141.80 

f  32.42  Xa 
1  43.68  ^a^O 

Strontium  ... 

Sr  87.2 

' '  sulphate 

SrSO^  183.02 

j  47.64  Sr 
1  56.36  SrO 

Snlr)hur 

S  31.98 

(  13.75  S 

Barium  sulphate  . 

BaSO^  232.62 

\  34.33  SOj 

41.19  SO. 

V  4 

Tantalum 

Ta  182 

Tpllnvinm 

Te  1 28 

Thallnini  ... 

_JL  11  tlx Jll  LI  11*               •                   •  ■ 

Tl  204 

Thorium 

Th  115.6 

Tin  .... 

Sn  118 

Tin  oxide 

SnOj  150 

78.68  Sn 

Titanium 

Ti  50 

Titanic  acid  . 

TiO,  82 

60.97  Ti 

Tungsten 

W  184 

Tun^stic  acid 

AVO,  231.88 

79.35  W 

Uranium 

Ur  120 
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Tables  for  the  Calculation  of  Analyses — continued. 


Atomic  and  molecular 

100  parts  con- 
tain 

weight. 

Uranous  oxide 

UrO  135.96 

88.26  Ur 

Uranium  protoscsqui- 
oxide 

1  UrgO^  423.84 

84.94  Ur 

Vanadium 

Yttrium 

Y  61.7 

Zinc  .... 

Zn  64.9 

"    oxide  . 

ZnO  80.86 

80.26  Zn 

"  sulphide 

ZnS  96.88 

66.99  Zn 

Zirconium 

Zr  90 

"         oxide  . 

ZrO^  121.92 

73.82  Zr 

Table  for  the  Tension  of  Aqueous  Vapor  for  Tempera- 
tures from  10°  C.  io  2b°  C. 

Tension. 
9.165  Mm. 
9.792  " 


Temperature. 

10°  c. 

11  " 

12  " 

13  " 

14  " 

15  " 

16  " 

17  " 

18  " 

19  " 

20  " 

21  " 

22  " 

23  " 

24  " 

25  " 


10.457 
11.162 
11.908 
12.699 
13.536 
14.421 
15.357 
16.346 
17.391 
18.495 
19.659 
20.888 
22.184 
23.550 
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Table  for  the  Calculation  of  the  ''Degree  of  Hardness' 
from  the  number  of  0.  G.  of  the  Soap  Solution  employed. 


Employed  soap  solution. 
3.4  C.C.  . 


Degree  of  hardness. 
0.5 


5.4   1-0 

7.4     "  1-5 

9.4     "  2.0 

The  diflfevence  of  1  C.  C.  of  the  soap  solution  =0.25 


( 1 


11.3  C.  C. 
13.2  " 

15.1  " 
17.0  " 
18.9 
20.8 

The  difference  of  1  C, 

22.6  C.  C. 

24.4  " 

26.2  " 
28.0  " 
29.8  " 

31.6  " 
Tlie  difference  of  1  C. 

33.4  C.C. 

35.0  " 

36.7  " 
38.4  " 

40.1  " 

41.8  " 
The  difference  of  1  C 

43.4  C.C. 
45.0  " 


C.  of  the  soap  solution  = 


2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
0.26 


C.  of  the  soap 


5.5 
6.0 
6.5 
7.0 
7.5 
8.0 

olution  =  0.277 


8.5 
9.0 
9.5 
10.0 
10.5 
11.0 

C.  of  the  soap  solution  =  0.294 

.  11.5 
12.0 


The  difference  of  1  C.  C.  of  the  soap  solution  =  0.31 


INDEX. 


Aluminum. 

determination  of,  37 

in  substances  not  decomposed 
by  acids,  141 
separation  of,  from  arsenic,  87 

from  calcium,  114,  127 

from  chromium,  89 

from  copper,  87 

from  iron,  82,  90,  268 

from  mercury,  192,  193 

from  phosphoric  acid,  83,  115, 
268 

from  potassium,  37 
from  titanium,  213  , 
from  zinc,  149        ^  ./ 


Antimony.  /  / 

determination  of,  as  the  antj<- 
moniate  of  the  teroxide,  53 
as  sulphide,  52 
volumetric  determination,  179, 
204 

separation  of,  from  arsenic,  66, 
70,  165,  200,  201 
from  bismuth,  169 
from  cadmium,  112 
from  cobalt,  169 
from  copper,  112,  169 
from  iron,  169,  213 
from  lead,  52,  166 
from  nickel,  169 
from  selenium,  195 
from  silver,  169 
from  tin,  65 
from  zinc,  169 

Arsenic. 

determination  of,   as  ammon- 
magnesium  arseniate,  69 
as  arsenic  sulphide,  67 
as  magnesium  arsenate,  69 
separation  of,  from  aluminum, 
87 


Arsenic,  separation  of — 

from  antimony,  67,  70,  165, 
200,  201 

from  bismuth,  169 

from  calcium,  87 

from  cadmium,  112 

from  cobalt,  169 

from  copper,  87,  169 

from  iron,  87,  169 

from  magnesium,  87 

from  manganese,  87 

from  nickel,  169 

from  selenium,  195 

from  silver,  169 

from  tin,  66 
?     from  zinc,  169 


Barium. 

determination  of,  as  carbonate, 
17 

as  Chromate,  27 

as  sulphate,  17 
separation  of,  from  the  alkalies, 
45,  103 

from  calcium,  27,  29,  103 

from  cobalt,  103 

from  magnesium,  29,  103 

from  manganese,  103 

from  nickel,  103 

from  selenium,  195 

from  strontium,  29,  279 

from  sulphuric  acid,  40 

from  uranium,  195 
separation  of  barium  sulphate 
from  silicic  acid,  139 

Bismuth. 

determination  of,  as  metal,  56, 
57 

as  oxide,  56 
as  oxychloride,  58 
separation  of,  from  antimony, 
arsenic,  169 
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Bismuth, 
from 
from 
from 
from 
from 
from 
from 
from 
from 
from 
from 


separation  of — 
cadmium,  G4 
copper,  58,  202 
le.-vd,  55 

mercury,  G5,  193 
molybdenum,  174 
piiosphorus,  174 
selenium,  195 
silver,  202 
tellurium,  194 
tin,  64 

vanadium,  175 


Boron. 

determination  of  boracic  acid, 

121,  129 
separation  of  boracic  acid  from 

bromine,  fluorine,  iodine, 

262 

from  the  oxides,  120 
from  silicic  acid,  154 

Bromine. 

determination  of,  in  presence  of 

chlorine,  265 
Tolumetrically,  by  means  of 

chlorine  water,  265 
separation  of,  from  boracic  aoid, 

262 

from  iodine,  265 

Cadmium. 

determination  as  oxide,  64 

as  sulphide,  65 
separation  of,  from  antimony, 
112 

from  arsenic,  112 
from  bismuth,  64,  202 
from  copper,  108,  202 
from  lead,  64 
from  tin,  64 
from  zinc,  108 

Calcium. 

determination  as  carbonate,  13 

as  oxide,  14 

as  sulphate,  114 
separation  of,  from  the  alkalies, 
105,  114 

from  aluminum,  114,  127 

from  arsenic,  87 

from  barium,  27,  29.  103 

from  boracic  acid,  120 

from  chromium,  89 

from  cobalt,  105 

from  copper,  87 


Calcium,  separation  of — 
from  gold,  1  58 
from  iron,  71,  73,  1 14 
from  magnesium,  29,  32,  74, 
114 

from  manganese,  74,  128,  137 
from  mercury,  192,  193 
from  nickel,  104 
from  phosphoric  acid,  83,  114, 
115 

from  selenium,  195 
from  strontium,  28 
from  sulphuric  acid,  29 
from  tungsten,  197,  198 
from  uranium,  196 
from  zirconium,  155 

Carbon. 

determination  of,  in  nitroge- 
nous substances,  286,  297 

in  cast  iron  by  ignition  in  an 
oxygen  stream,  221 

according  to  the  method  of 
Wey],  224 

according  to  the  method  of 
Berzelius,  226 

according  to  Wühler,  226 

by  means  of  chromic  acid, 
229 

colorimetric  determination  iu 

cast  iron,  231 
in  presence  of  graphite,  227 
determination   of  graphite  in 

cast  iron,  227 
of  the  heating  power  and  the 

coke  yield  of  fuel,  300,  301 
of  organic   matter   by  loss 

upon  ignition,  143,  283 
in  well  and  mineral  waters, 

249,  251,  267 
determination  of  oxalic  acid, 

287 

volumetric  determination,  311 

of  uric  acid,  288 

of  citric  acid,  311 

of  tartaric  acid,  311 
deteruiination  of  fatty  acids, 
311 

separation  of,  from  silver  chlo- 
ride, 176 
from  silicic  acid,  206 
determination  of  carbon  dioxide 
by   absorption    by  soda- 
lime,  33 
from  loss  upon  ignition.  113 
in  mineral  water,  256,  259 


INDEX 
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Cnrbon,  deterininntion  of — 

in  mineral  waters  supersatu- 
rated witli  carbon  dioxide, 
200 

in  presence  of  hydrogen  sul- 
phide, sulphurous  iicid,  and 
hyposulphurous  acid,  303, 
308 

volumetric  determination,  304 

Chlorine. 

determination  of  the  hydrochlo- 
ric acid  as  silver  chloride, 
17 

in   substances   insoluble  in 
water,  117 
volumetric  determination,  43, 
311 

separation  of  hydrochloric  acid 
from  hydrobromic  acid  and 
hydriodic  acid,  265 

Chromium. 

determination  as  barium  Chro- 
mate, 89 
as  oxide,  29 

in  substances  not  decomposed 
by  acids,  89 
separation  of,  from  aluminum, 
89 

from  calcium,  89 
from  iron,  89,  213 
from  lead,  30 
from  magnesium,  89 
from  mangnnese,  89 
from  potassium,  31 
from  titanium,  213 

Cobalt. 

determination  of,  as  metal,  22 
indirect   determination  as  ni- 
trite of  the  sesquioxide  of 
cobalt  and  potassium,  22 
■with  mercurons  nitrate,  168 
separation  of  from  the  alkalies, 
105 

from  antimony,  169 
from  arsenic,  169 
from  barium,  103 
from  calcium,  105 
from  copper,  103 
from  gold,  158 
from  iron,  62 
from  magnesium,  104 
from  manganese    104,  149, 
214 


Cobalt,  separation  of — 
from  mercury,  192 
from  molybdenum,  174 
from  nickel,  61,  167,  104 
from  phosphorus,  174 
from  selenium,  195 
from  uranium,  196 
from  vanadium,  174 
from  zinc,  168 

Copper. 

determination  as  metal,  48,  58, 
161 

as  cupric  oxide,  14 

as  sulphide,  48 

volumetric  determination  by 
means  of  sodium  hyposul- 
phite, 162 

with  potassium  cyanide,  162 
separation  of,  from  the  alkalies, 
103 

from  aluminum,  87 
from  antimony,  11?,  169 
from  arsenic,  87,  169 
from  barium,  103 
from  bismuth,  68,  202 
from  cadmium,  108,  202 
from  calcium,  87 
from  cobalt,  103 
from  gold,  158 
from  iron,  87 
from  lead,  49,  63 
from  magnesium,  87 
from  manganese,  87,  215 
from  mercury,  192,  193 
from  molybdenum,  174 
from  nickel,  60 
from  phosphorus,  174 
from  selenium,  195 
from  silver,  47,  202 
from  tin,  59,  63 
from  tungsten,  198 
from  vanadium,  174 
from  zinc,  50,  51 
determination  of  cuprous  oxide, 
2119 

in  the  presence  of  sulphur, 
209 

Fluorine. 

determination  of,  115 
separation  of,  from  boraoic  acid, 
262 

from  the  oxides,  115  ' 
from  phosphoric  acid,  116 
from  silicic  acid,  116 
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Gold. 

determination  of,  158 
separation  of^  from  the  alkalies, 
158 

from  barium,  158 

from  calcium,  cobalt,  copper, 
iron,  magnesium,  manga- 
nese, 158 

from  lead,  186 

from  molybdenum,  174 

from  nicliel,  158 

from  phosphorus,  174 

from  silver,  187 

from  strontium,  158 

from  tellurium,  194 

from  vanadium,  174 

Hydrogen. 

determination    of,  in  organic 

compounds,  297 
determination  of  water  from  the 

loss  on  ignition,  16 
direct  determination,  36 

in  substances  containing  am- 
monia, 282 
of  the  total  amount  of  solid 
constituents  of  water,  261, 
of  the  hardness,  238 
of  the  specific  gravity,  257, 
258 

Iodine. 

determination  of,  as  palladious 

iodide,  263 
volumetric  determination  with 

chlorine  water,  264 
with  sodium  hyposulphite,  264 
separation  of,  from  boracic  acid, 

262 

from  bromine,  265 
Iron. 

determination  of  as  ferric  oxide, 
23 

of  ferrous  oxide  in  substances 
not  decomposed  by  acids, 
150 

of  ferrous  oxide  in  mineral 
waters,  236,  255 

of  ferric  oxide  in  substances 
not  decomposed  by  acids, 85 
volumetric  determination  of  fer- 
ric oxide  with  stannous 
chloride,  80 

of  ferrous  oxide  with  potas- 
sium permanganate,  75 


on,  vol.  determination  of — 
with  potassium  bichromate, 
79 

determination  of  ferric  oxide  in 
presence  of  ferrous  oxide, 
86,  138 

of  metallic  iron  in  presence  of 
ferric  and  ferrous  oxides, 
138 

separation  of  from  the  alkalies, 
105 

from  aluminum,  89,  90,  213, 
268 

from  antimony,  169 
from  arsenic,  87,  169 
from  barium,  103 
from  calcium,  32,  71,  73,  114 
from  chromium,  89,  213 
from  cobalt,  61 
from  copper,  87 
from  gold,  158 
from  lead,  108 
from  magnesium,  32,  71,  73 
from  manganese,  71,  73 
from  mercury,  192,  193 
from  nickel,  61 
from  phosphorus,  174 
from  phosphoric  acid,  83,  115, 
268 

from  selenium,  195 
from  tin,  70 
from  titanium,  213 
from  tungsten,  197 
from  uranium,  196 
from  zinc,  108 
from  zirconium,  155 

Lead. 

determination  of,  as  metal,  186 

as  chloride,  30 

as  sulphate,  49 

as  sulphide,  30 
separation  of,  from  antimony, 
52,  169 

from  arsenic,  169 

from  bismuth,  55 

from  cadmium,  64 

from  chromium,  30 

from  cobalt,  208 

from  copper,  49 

from  gold,  187 

from  iron,  108,  139 

from  manganese,  108 

from  mercury,  65,  193 

from  molybdenum,  174,  188 

from  nickel,  208 


INDEX. 
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Leail,  separiition  of — 

from  ])hosphoriis,  174 
froni  selenium,  195 
from  silver,  186  , 
from  sodium,  174 
from  tin,  54,  63 
from  zinc,  49,  57 
separation  of  lead  oxide  from 

the  tetroxide,  190 
of  lead  sulphate  from  silicic 

acid,  186 

Lithium. 

determination  of,  as  sulphate, 
106 

in  substances  not  decomposed 
by  acids,  144,  147 
separation  of,  from  barium,  45, 
103 

from  boracic  acid,  120 

from  calcium,  105,  114 

from  cobalt,  105 

from  copper,  103 

from  gold,  158 

from  iron,  105 

from  magnesium,  272 

from  manganese.  105 

from  nickel,  105 

from  phosphoric  acid,  115 

from  potassium,  106,  274 

from  sodium,  274 

from  uranium,  196 

from  the  remaining  oxides  by 

means  of  barium  hydrate, 

271 

Magnesium. 

determination  of,  as  pyrophos- 
phate, 17 

separation  of,  from  the  alkalies, 
271 

from  arsenic,  87 
from  barium,  29,  103 
from  boracic  acid,  122 
from  calcium,  29,  32,  74 
from  chromium,  89 
from  cobalt,  105 
from  copper,  87 
from  gold,  158 
from  iron,  71,  73 
from  manganese,  73,  137 
from  nickel,  105 
from  phosphoric  acid,  83,  115 
from  potassium,  45 
from  selenium.  195 
from  sodium,  45 
26 


Magnesium,  separation  of — 
from  strontium,  29 
from  tungsten,  197,  198 
from  uranium,  196 

Manganese. 

determination  of  as  protoses- 
quioxide,  21 
as  binoxide,  137 
as  sulphide,  21 
determination  of  manganese  su- 
peroxide, 92 
of  superoxide  in  presence  of 
manganic  oxide,  107 
separii.tion  of,  from  the  alkalies, 
105 

from  arsenic,  87 
from  barium,  103 
from  calcium,  74,  137 
from  chromium,  89 
from  cobalt,  104,  149,  214 
from  copper,  87,  214 
from  gold,  158 
from  iron,  72,  73 
from  lead,  108 
from  mngnesium,  74,  137 
from  mercury,  192,  193 
from  nickel,  104,  214 
from  phosphoric  acid,  83 
from  tin,  130 
from  tungsten,  197 
from  uranium,  196 
from  zinc,  109,  215 

Mercury. 

determination  ns  metal,  192 
as  mercurous  chloride,  192 
as  sulphide,  65,  191 
separation  of,  from  aluminum, 

192,  193 
from  bismuth,  65,  193 
from  calcium  and  iron,  192, 193 
from  cobalt,  193 
from  copper  and  manganese, 

192,  193 
from  nickel  and  silver,  193 
from  tin,  65 

Molyhdenum. 

determination  as  sulphide,  175 
separation  of,  from  bismuth,  co- 
balt, copper,  gold,  nickel, 
silver,  174 
from  lead,  174,  187 
from  phosphoric  acid,  177 
from  vanadium,  175 
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Nickel. 

determination  of,  ns  metal,  23 
separation  of,  from  alkalies,  1( 

from  antimony,  109 

from  arsenic,  169 

from  barium,  103 

from  calcium,  105 

from  cobalt,  62,  104,  167 

from  copper,  62 

from  gold,  158 

from  iron,  61 

from  lead,  208 

from  magnesium,  104 

from  manganese,  104,  215 

from  mercury,  193 

from  molybdenum,  174 

from  phosphorus,  174 

from  selenium,  195 

from  tin,  130 

from  uranium,  196 

from  vanadium,  175 

from  zinc,  62,  168 

Nitrogen. 

determination  of,  233,  288 

determination  of  nitrous  acid, 
244,  247 

determination   of  nitric  acid, 
242,  266,  311,  312 

determination  of  ammonia  as 
double  chloride  with  plati- 
num, 39 
as  chloride,  39 

colorimetric  determination,  247 
in  substances  containing  pro- 
tein, 290 

separation  of  ammonium  from 
the  oxides,  37 

Phosphorus. 

determination  in  cast-iron,  221 
indirect  determination  of  phos- 
phoric acid  with  ammonium 
molybdate,  25 
as  magnesium  pyrophosphate, 
25 

with  metallic  tin,  115,  280 
volumetric  determination,  117 
in  presence  of  aluminum  and 

ferric  oxides,  279,  280 
in  presence  of  sulphuric  acid, 

189 

determination  in  substances  not 
decomposed  by  acids,  83 

separation  of,  from  bismuth,  co- 
balt, copper,  gold,  iron, 
lead,  nickel,  silver,  zinc,l<3 


Phosphorus,  separation  of — 
from  titanium,  214 
of  phosphoric  acid  from  the 

alkalies,  115 
from  aluminum,  83,  115,  268 
from  calcium,  83,  114,  115 
from  fluorine,  115 
from  iron,  83,  115,  268 
from  magnesium,  83,  115 
from  manganese,  115 
from  molybdenum,  176 
from  vanadium,  175 

Potassium. 

determination  as  chloride,  31 
as  potassium-platinum  chlo- 
ride, 42 
as  sulphate,  37 

in  substances  not  decomposed 
by  acids,  144,  147 
indirect  determination  of  potas- 
sium chloride  in  presence  of 
sodium  chloride,  43 
of  potassium  sulphate  in  pre- 
sence of  sodium  sulphate, 
47 

volumetric  determination  of  po- 
tassium carbonate,  309 
separation  «f,  from  aluminum, 
37 

from  barium,  45,  103 
from  boracic  acid,  120 
from  calcium,  105,  114 
from  chromium,  31 
from  cobalt,  105 
from  copper,  105 
from  gold,  158 
from  iron,  105 
from  lithium,  106,  274 
from  magnesium,  45,  271 
from  manganese,  105 
from  nickel,  105 
from  phosphoric  acid,  115 
from  sodium,  41,  47 
from  uranium,  196 
from  all  the  remaining  oxides 
by  means  of  barium  hy- 
drate, 271 

Selenium.  .  ,  ,0^ 

determination  as  metal,  \yo 
separation  of,  from  antimony, 
arsenic,  barium,  bismuth, 
calcium,  cobalt,  copper, 
iron,  lead,  magnesium, 
nickel,  silver,  strontium, 
vanadium,  195. 
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Silicon. 

cleterinination  of  silicic  noid, 
91 

in  silicntes   decomposed  by 

acids,  123 
in  silicates  not  decomposed  by 

acids,  143 
separation  of  silicic  acid  from 

barium  sulphate,  IS'J 
from  boracio  acid,  154 
from  carbon,  206 
from  fluorine,  116 
from  gangue,  84 
from  iron,  82 
from  lead  sulphate,  186 
from  silver,  186 
from  sulpliur,  132 
from  stannic  oxide,  148 
from  titanium,  125,  213 

Silver. 

determination  as  chloride,  47 

by  cupellation,  186 

of  chloride  in   presence  of 
silicic  acid,  185 

in  presence  of  carbon,  176 
separation  of,  from  antimony 
and  arsenic,  170 

from  bismuth,  202 

from  copper,  47,  202 

from  gold,  187 

from  lead,  186 

from  mercury,  193 

from  molybdenum,  174 

from  phosphorus,  174 

from  selenium,  195 

from  vanadium,  175 

Sodium. 

determination  as  chloride,  26 

as  sulphate,  46 

of  sodium  chloride  in  presence 
of  potassium  chloride,  43 

in  substiinces  not  decomposed 
by  acids,  144,  147 

of  sodium  sulphate  in  presence 
of  potassium  sulphate,  47 

of  sodium  carbonate  in  mine- 
ral waters,  272 

of  sodium  carbonate  from  car- 
bon dioxide  liberated,  301 
determination  of  sodium  carbo- 
nate in  presence  of  sodium 
hydrate,  307 
volumetric  determination  of  so- 
dium carbonate,  304 


separation  of,  from  barium,  45, 
103 

from  bornoio  acid,  120 

from  cnlcium,  105,  114 

from  cobalt,  105 

from  copper,  106 

from  gold,  158 

from  iron,  105 

from  lithium,  274 

from  magnesium,  45,  271 

from  manganese,  105 

from  nickel,  105 

from  phosphoric  acid,  20,  115 

from  potnssium,  41,  45 

from  the  remaining  oxides  by 

means  of  barium  hydrate, 

271 

Strontium, 

determination  of,  as  sulphate,  28 
separation  of,  from  barium,  29, 
270 

from  calcium,  28 
from  gold,  158 
from  magnesium,  29 
from  selenium,  195 
from  sulphuric  acid,  29 
from  uranium,  196 

Sulphur". 

determinntion  of  free,  313 
of  sulphur  in  sulphide''.  111, 
133,  156,  157,  170,  191,  220 
in  fuel,  299 
determination  of  sulphuric  acid 

as  barium  sulphate,  15 
volumetric  determination,  240, 
311 

in  substances  not  decomposed 
by  ncids,  83 

in  presence  of  hydrogen  sul- 
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  ON  PHTHISIS  :  ITS  MORBID  ANATOMY,  ETIOLOGY,  etc., 

in  a  series  of  Clinical  Lectures.  A  new  work.  In  one  handsome  8vo. 
volume.    Cloth,  $3  50. 

 A  MANUAL  OF  PERCUSSION  AND  AUSCULTATION  ;  of  the 

Physical  Diagnosis  of  Diseases  of  the  Lungs  and  Heart,  and  of  Tho- 
rncic  Aneurism.  In  one  handsome  royal  12mo.  volume.  Cloth, 
$1  75. 

  MEDICAL  ESSAYS.    In  one  neat  12mo.  volume.    Cloth,  $138. 

pOWNES  (GEOEGE).  A  MANUAL  OF  ELEMENTARY  CHEMISTRY. 

X     A  new  American,  from  the  enlarged  English  edition.    In  one  royal 
12mo.  vol.  of  over  1000  pages,  with  177  illustrations,  and  one  col- 
ored plate.    Cloth,  $2  75  ;  leather,  $3  25.    {Just  issued.) 
* 
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FULLER  (HENRY).  ON  DISEASES  OF  THE  LUNGS  AND  AIR 
PASSAGES.  Their  Pathology,  Physical  Diagnosis,  Symptoms,  and 
Treatment.  From  the  second  English  edition.  In  one  8vo  vol. 
of  about  500  pages.    Cloth,  $.3  50. 

QALLOWAY  (ROBERT).  A  MANUAL  OF  QUALITATIVE  ANAL- 
YSIS.    In  one  ]2mo.  vol.,  cloth,  $2  75. 

GLUGE  (GOTTLIEB).  ATLAS  OF  PATHOLOGICAL  HISTOLOGY. 
Translated  by  Joseph  Leidy,  M.D.,  Professor  of  Anatomy  in  the 
University  of  Pennsylvania,  &c.  In  one  vol.  imperial  quarto,  with 
320  copperplate  figures,  plain  and  colored.    Cloth,  $4. 

GREEN  (T.  HENR'V).  AN  INTRODUCTION  TO  PATHOLOGY  AND 
MORBID  ANATOMY.  Third  Amer.,  from  the  fourth  Lond.  Ed. 
In  one  handsome  8vo.  vol.,  with  numerous  illust.    Cloth,  $2  25. 

GRAY  (HENRY).  ANATOMY,  DESCRIPTIVE  AND  SURGICAL. 
A  new  American,  from  the  eighth  and  enlarged  London  edition.  To 
which  isadded  Holden's  "Landmarks,  Medical  and  Surgical."  In  one 
large  imperial  8vo.  vol.  of  nearly  1000  pages,  with  522  large  and  elabo- 
rate engravings  on  wood.    Cloth,  $6;  leather,  $7.    {Just  issued.) 

GRIFFITH  (ROBERT  E.)  A  UNIVERSAL  FORMULARY,  CON- 
TAINING THE  METHODS  OF  PREPARING  AND  ADMINISTER- 
ING OFFICINAL  AND  OTHER  MEDICINES.  Third  and  Enlarged 
Edition.  Edited  by  John  M.  Maisch.  In  one  large  8vo  vol  of  800 
pages,  double  columns.    Cloth,  $4  50  ;  leather,  $5  50. 

GROSS  (SAMUEL  D.)  A  SYSTEM  OF  SURGERY,  PATHOLOGICAL, 
DIAGNOSTIC,  THERAPEUTIC,  AND  OPERATIVE.  Illustrated 
by  1403  engravings.  Fifth  edition,  revised  and  improved  In  two 
large  imperial  8vo.  vols,  of  over  2200  pages,  strongly  bound  in 
leather,  raised  bands,  $15. 

GROSS  (SAMUEL  D.)  A  PRACTICAL  TREATISE  ON  THE  Dis- 
eases, Injuries,  and  Malformations  of  the  Urinary  Bladder,  the  Pros- 
tate Gland,  and  the  Urethra.  Third  Edition,  thoroughly  Revised 
and  Condensed,  by  Samuel  W.  Gross,  M.D.,  Surgeon  to  the  Phila- 
delphia Hospital.  In  one  handsome  octavo  volume,  with  about  two 
hundred  illustrations.    Cloth,  $4  60.    {Lutely  issued.) 

 A  PRACTICAL  TREATISE  ON  FOREIGN  BODIES  IN  THE 

AIR  PASSAGES.    In  one  8vo.  vol.  of  468  pages.    Cloth,  $2  75. 

GIBSON'S  INSTITUTES  AND  PRACTICE  OF  SURGERY.  In  two  8vo. 
vols,  of  about  1000  pages,  leauner,  $6  50. 

GOSsELIN  (L)  CLINICAL  LECTURES  ON  SURGERY.  Delivered 
at  the  Hospital  of  La  Charite.  Translated  from  the  French  by  Lewis 
A.  Stimton,  M.D.,  Surgeon  to  the  Presbyterian  Hospital,  New  York. 
With  illustrations.  In  one  handsome  8vo.  vol.  of  350  pages.  Cloth, 
$2  50.    {Lately  issued.) 

HAMILTON  (ALLAN  McLANE).  NERVOUS  DISEASES,  THEIR 
DESCRIPTION  AND  TREATMENT.  In  one  handsome  8vo  vol. 
of  512  pages,  with  53  illustrations.    Cloth,  $3  50.    {Jjist  isstied.) 

HEATH  f CHRISTOPHER).  PRACTICAL  ANATOMY  ;  A  MANUAL 
OF  DiSSECTIONS.  With  additions,  by  W.  W.  Keen,  M.  D.  In  1 
volume;  with  247  illustrations.    Cloth,  $3  50;  leather,  $4. 

HARTSHORNE  (HENRY).  ESSENTIALS  OF  THE  PRINCIPLES 
AND  PRACTICE  OF  MEDICINE.  Fourth  and  revised  edition. 
Inonel2mo.vol.   Cloth,  $2  63 ;  half  bound,  $2  88.   {Lately  issued.) 

  CONSPECTUS  OF  THE  MEDICAL  SCIENCES.  Comprising 

Manuals  of  Anatomy,  Physiology,  Chemistry,  Materia  Medica,  Prac- 
tice of  Medicine,  Surgery,  and  Obstetrics.  Second  Edition.  In  one 
royal  12mo.  volume  of  over  1000  pages,  with  477  illustrations. 
Strongly  bound  in  leather,  $5  00  ;  cloth,  $4  25.    {Lately  issued.) 

  A  HANDBOOK  OF  ANATOMY  AND  PHYSIOLOGY.    In  one 

neat  royal  I2mo.  volume,  with  many  illustrations.    Cloth,  $1  75. 
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HABERSHON  (S.  0.).  ON  TUE  DISEASES  OF  THE  ABDOMEN. 
Second  American,  from  the  third  Knglisli  edition.  In  one  htmd.soine 
8vo.  volume  of  over  ÖOO  pages,  with  illustrations.  Cloth,  $.'5.50. 
(IVow  maiiy.) 

HOLMES  (TIMOTHY).  SURGERY,  ITS  PRINCIPLES  AND  PRAC- 
TICE. In  one  hand-soine  8vo.  volume  of  lOOO  pages,  with  'I  I  I  illu?- 
trations.    Cloth,  $0;  leather,  with  raised  bandn,  $7.    {Lalely  issued.) 

HAMILTON  (FRANK  H.)  A  PRACTICAL  TREATISE  ON  FRAC- 
TURES AND  DISLOCATIONS.  Fifth  edition,  carefully  revised. 
In  one  handsome  8vo.  vol.  of  830  pages,  with  344  illustrations.  Cloth, 
$5  75  ;  leather,  $(i  75. 

HOBLYN  (RICHARD  D.)  A  DICTIONARY  OF  THE  TERMS  USED 
IN  MEDICINE  AND  THE  COLLATERAL  SCIENCES.  In  one 
12mo.  volume,  of  over  500  double-columned  pages.  Cloth,  $150; 
leather,  $2. 

HOLDbN  (LUTHER).  LANDMARKS,  MEDICAL  AND  SURGICAL. 
From  the  Second  English  Edition.  In  one  royal  12mo.  vol.  of  128 
pages.    Cloth,  SB  cents.     {Lately  issued.) 

HUDSON  (A.)  LECTURES  ON  THE  STUDY  OF  FEVER.  1  vol. 
8vo.,  316  pages.    Cloth,  $2  50. 

HODGE  rHUGH  L.)  ON  DISEASES  PECULIAR  TO  AVOMEN,  IN- 
CLUDING DISPLACEMENTS  OF  THE  UTERUS.  Second  and 
revised  edition.  In  one  8vo.  volume.  Cloth,  $4  50. 
'  THE  PRINCIPLES  AND  PRACTICE  OF  OBSTETRICS.  Illus- 
trated with  large  lithographic  plates  containing  159  figures  from 
orio-inal  photographs,  .and  with  numerous  wood-cuts.  In  one  large 
quiirto  vol.  of  550  double-columned  pages.  Strongly  bound  in  cloth, 
$  14. 

HOLLAND  (SIR  HENRY).  MEDICAL  NOTES  AND  REFLECTIONS. 
From  the  third  English  edition.  In  one  8vo.  vol.  of  about  500  pages. 
Cloth,  $3  50. 

HUGHES.  SCRIPTURE  GEOGRAPHY  AND  HISTORY,  with  12 
colored  maps.    In  1  vol.  12mo.    Cloth,  $1. 

HORNER  (WILLIAM  E.)  SPECIAL  ANATOMY  AND  HISTOLOGY. 
Eighth  edition,  revised  and  modified.  In  two  large  8vo.  vols,  of  over 
1000  pages,  containing  300  wood-cuts.    Cloth,  $6. 

HILL  (BERKELEY).  SYPHILIS  AND  LOCAL  CONTAGIOUS  DIS- 
ORDERS.   In  one  8vo.  volume  of  467  pages.    Cloth,  $3  25. 

SILLIER  (THOMAS).  HAND-BOOK  OF  SKIN  DISEASES.  Second 
Edition.  In  one  neat  royal  12mo.  volume  of  about  300  pp.,  with  two 
plates.    Cloth,  $2  25. 

HALL  (MRS.  M.)  LIVES  OF  THE  QUEENS  OF  ENGLAND  BEFORE 
THE  NORMAN  CONQUEST.    In  one  handsome  8vo.  vol.  Cloth, 
$2  25  ;  crimson  cloth,  $2  50  ;  half  morocco,  $3. 
TONES  (C.  HANDFIELD).    CLINICAL  OBSERVATIONS  ON  PUNC- 
J     TIONAL  NERVOUS  DISORDERS.    Second  American  Edition.  In 
one  8vo.  vol.  of  348  pages.    Cloth,  $3  25. 

KIRKES  (WILLIAM  SENHOUSE).  A  MANUAL  OF  PHYSIOLOGY. 
A  new  American,  from  the  eighth  London  edition.  One  vol.,  with 
many  illus.,  12mo.    Cloth,  $3  25 ;  leather,  $3  75. 

KNAPP  (F.)  TECHNOLOGY;  OR  CHEMISTRY,  APPLIED  TO  THE 
ARTS  AND  TO  MANUFACTURES,  with  American  additions,  by 
Prof.  Walter  R.  Johnson.    In  two  8vo.  vols.,  with  500  ill.  Cloth,  $6. 

KENNEDY'S  MEMOIRS  OF  THE  LIFE  OF  WILLIAM  WIRT.  In 
two  vols.  12mo.    Cloth,  $2. 
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J^EE  fHENEY)  ON  SYPHILIS.    In  one  8vo.  vol.    Cloth,  $2  25. 

T  EA  (HENRY  C.)  SUPERSTITION  AND  FORCE ;  ESSAYS  ON  THE 
J-l    WAGER  OP  LAW,  THE  WÄGER  OF  BATTLE,  TUE  ORDEAL, 

AND  TORTURE.    Third  edition,  thoroughly  revised  and  enlarged. 

In  one  handsome  royal  12ino.  vol.    Cloth,  $2  50.     (Just  issued.) 

T  EA  (HENaY  C.)    STUDIES  IN  CHURCH  HISTORY.    The  Rise  of 
-LJ    the  Temporal  Power — Benefit  of  Clergy — Excommunication.  In 
one  handsome  12mo.  vol.  of  515  pp.    Cloth,  $2  75. 

 AN  HISTORICAL  SKETCH  OF  SACERDOTAL  CELIBACY 

IN  THE  CHRISTIi\N  CHURCH.    In  one  handsome  octavo  volume 
of  602  pages.    Cloth,  $3  75. 

LINCOLN  (D.  F.)  ELECTRO-THERAPEUTICS.  A  Condensed  Man- 
ual  of  Medical  Electricity.  In  one  neat  royal  ]2mo.  volume,  with 
illustrations.    Cloth,  $1  50. 

LA  ROCHE  (R.)    YELLOW  FEVER.    In  two  8vo.  vols,  of  nearly  1500 
pages.    Cloth,  $7. 
  PNEUMONIA.    In  one  8vo.  vol.  of  500  p.ages.    Cloth,  $.3. 

LEISHMAN  (sVlLLIAM).  A  SYSTEM  OF  MIDWIFERY.  Includ- 
ing the  Diseases  of  Pregnancy  and  the  Puerperal  State.  Third 
American,  from  the  Third  English  Edition.  With  additions,  by 
J.  S.  Piirry,  M.D.  In  one  very  handsome  8vo.  vol.  of  SOU  pages  and 
200  illustrations.     (J«  Press.) 

LAURENCE  (J.  Z.)  AND  MOON  (ROBERT  C.)    A  HANDY-BOOK " 
OF  OPHTHALMIC  SURGERY.    Second  edition,  revised  by  Mr. 
Laurence.    With  numerous  illus.    In  one  Svo.  vol.    Cloth,  $2  75. 

LEHMANN  (C.  G.)  PHYSIOLOGICAL  CHEMISTRY.  Translated  by 
George  F.  Day,  M.D.  With  plates,  and  nearly  200  illustrations. 
In  two  large  8vo.  vols.,  containing  1200  pages.    Cloth,  $6. 

 A   MANUAL  OF  CHEMICAL  PHYSIOLOGY.    In  one  very 

handsome  8vo.  vol.  of  336  pages.    Cloth,  $2  25. 

LAWSON  ((jEORGE).  INJURIES  OF  THE  EYE,  ORBIT,  AND  EYE- 
LIDS, with  about  100  illustrations.  From  the  last  English  edition. 
In  one  handsome  8vo.  vol.    Cloth,  $3  50. 

LUDLOW  (J.  L.)    A  MANUAL  OF  EXAMINATIONS  UPON  ANA- 
TOMY  PHYSIOLOGY,  SURGERY,  PRACTICE  OF  MEDICINE, 
OBSTETRICS,  MATERIA  MEDICA,  CHEMISTRY,  PHARMACY, 
AND  THERAPEUTICS.    To  which  is  added  a  Medical  Formulary. 
Third  edition.    In  one  royal  12mo.  vol.  of  over  800  pages.  Cloth, 
$3  25  ;  leather,  $3  75. 
T  YNCH  (W.  F.)    A  NARRATIVE  OF  THE  UNITED  STATES  EX- 
Ll    PEDITION  TO  THE  DEAD  SEA  AND  RIVER  JORDAN.    In  one 
large  octavo  vol.,  with  28  beautiful  plates  and  two  maps.  Cloth,  $3. 
.  8ame  Work,  condensed  edition.  One  vol.  royal  12mo.  Cloth,  $1. 

LYONS  (ROBERT  D.)  A  TREATISE  ON  FEVER.  In  one  neat  Svo. 
vol.  of  362  pages.    Cloth,  $2  25. 

MEIGS  (GHAS,  D.).  ON  THE  NATURE,  SIGNS,  AND  TREATMENT 
OF  CHILDBED  FEVER.    In  one  8vo.  vol.  of  365  pages.    Cloth,  $2. 

MILLER  (JAMES).  PRINCIPLES  OF  SURGERY.  Fourth  American, 
from  the  third  Edinburgh  edition.  In  one  large  8vo.  vol.  of  700 
pages,  with  240  illustrations.    Cloth,  $3  75. 

 THE  PRACTICE  OF  SURGERY.    Fourth  American,  from  the 

last  Edinburgh  edition.  In  one  large  8vo.  vol.  of  700  pages,  with 
364  illustrations.    Cloth,  $3  75. 

MONTGOMERY  (W.  F.)  AN  EXPOSITION  OF  THE  SIGNS  AND 
SYMPTOMS  OF  PREGNANCY.  From  the  second  English  edition. 
In  one  handsome  8vo.  vol.  of  nearly  600  pages.    Cloth,  $3  75. 
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MULLER  (J.)  PRINCIPLES  OF  PHYSICS  AND  METEOROLOGY. 
In  one  large  Svo.  vol.  with  550  wood-cuts,  nnd  two  colored  plates. 
Cloth,  $4  50. 

■jyj"rRABEAU  ;  A  LIFE  HISTORY.    In  one  12mo.  vol.    Cloth,  75  cts. 

MACFARLAND'S  TURKEY  AND  ITS  DESTINY.  In  2  vols,  royal 
12rao.    Cloth,  $2. 

MARSH  (MRS.)  A  HISTORY  OF  THE  PROTESTANT  REFORMA- 
TION IN  FRANCE.    In  2  vols,  royal  12nio.    Cloth,  $2. 

NEILL  (JOHN)  AND  SMITH  (FRANCIS  G.)  COMPENDIUM  OF 
THE  VARIOUS  BRANCHES  OF  MEDICAL  SCIENCE.  In  one 
handsome  12mo.  vol.  of  about  1000  pages,  with  374  wood-cuts. 
Cloth,  $4;  leather,  raised  bands,  $4  75. 

PLAYFATR  (W.  S.)  A  TREATISE  ON  THE  SCIENCE  AND  PRAC- 
TICE OF  MIDWIFERY.  Second  Am  from  the  Second  English 
Edition.  Edited,  with  Additions,  by  R.  P.  Harris,  M.D.  In  one 
handsome  octavo  vol.  of  037  pages,  with  182  illustrations  and 
two  plates.  Cloth,  $4:  leather,  $5.  {Just  issued.) 
TDAVY  (F.  W.)  A  TREATISE  ON  THE  FUNCTION  OF  DIOESTION, 
i     ITS  DISORDERS  AND  THEIR  TREATMENT.    From  the  second 

London  ed.    In  one  8vo.  vol.  of  246  pp.    Cloth,  $2. 
  A  TREATISE  ON  FOOD  AND  DIETETICS,  PHYSIOLOGI- 
CALLY AND  THERAPEUTICALLY  CONSIDERED.    In  one  neat 
octavo  volume  of  about  500  pages.    Clnth,  $4  75.    (Just  issued.) 

PARRISH  (EDWARD).  A  TREATISE  ON  PHARMACY.  With  many 
FormulsB  and  Prescriptions.  Fourth  edition .  Enlarged  and  thoroughly 
revised  by  Thomas  S.  Wiegand.  In  one  handsome  Svo.  vol.  of  977 
pages,  with  280  illus.    Cloth,  $5  50  ;  leather,  !Si6  50. 

P IRRTE  (WILLIAM)  THE  PRINCIPLES  AND  PRACTICE  OF  SUR- 
GERY. In  one  handsome  octavo  volume  of  780  pages,  with  316 
illustrations.    Cloth,  $3  75. 

PULSZKY'S  MEMOIRS  OF  AN  HUNGARIAN  LADY.  In  one  neat 
royal  12mo.  vol.    Cloth,  $1. 

PAGET'S  HUNGARY  AND  TRANSYLVANIA.  In  two  royal  12mo. 
vols.    Cloth,  $2. 

REYNOLDS  (J  RUSSELL).  A  SYSTEM  OF  MEDICINE,  with  Notes 
and  Additions,  by  Henry  Hartshorne,  M.D.  In  three  large  Svo. 
vols.,  containing  about  3000  closely  printed  double-columned  pages, 
with  many  illustrations.     (In  Press.) 

R EMSEN  (IRA).  THE  PRINCIPLES  OF  CHEMISTRY.  In  one 
handsome  12mo.  vol.    Cloth,  $1  50.    (Jttst  issued.) 

ROBERTS  (WILLIAM).  A  PRACTICAL  TREATISE  ON  URINARY 
AND  RENAL  DISEASES.  A  second  American,  from  the  second 
London  edition.  With  numerous  illustrations  and  a  colored  plate. 
In  one  very  handsome  8vo.  vol.  of  616  pages.    Cloth,  $4  50. 

RAMSBOTHAM  (FRANCIS  H.)  THE  PRINCIPLES  AND  PRAC- 
TICE OF  OBSTETRIC  MEDICINE  AND  SURGERY.  In  one  im- 
perial 8vo.  vol.  of  650  pages,  with  64  plates,  besides  numerous  wood- 
cuts in  the  text.    Strongly  bound  in  leather,  $7. 

RIGBY  (EDWARD).  A  SYSTEM  OF  MIDWIFERY.  Second  Ameri- 
can edition.   In  onehandsome  8vo.  vol.  of  422  pages.    Cloth,  $2  50. 

RANKE'S  HISTORY  OF  THE  TURKISH  AND  SPANISH  EMPIRES 
in  the  16th  and  beginning  of  17th  Century.  In  one  8vo.  volume, 
paper,  25  cts. 
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RANKE'S   HISTORY  OF  THE   REFORMATION  IN  GERMANY. 
Parts  I.,  II.,  III.    In  one  vol.    Cloth.  $1. 

SEIT.ER  (CARL)  HANDBOOK  OF  DIAGINOSIS  AND  TREATMENT 
OF  DISEASES  OF  THE  THhOAT  AND  NASaL  CAVITIES.  In 
one  small  I2mo.  vol.,  with  illustrations.    Cloth,  $1.    (iVow  Ready.) 

SCHÄFER  (EDWARD  ALBERT).  A  COURSE  OF  PRACTICAL  HIS- 
TOLOGY :  A  Manual  of  the  Microscope  for  Medical  Students.  In 
one  handsome  octavo  vol.  With  many  illust.  Cloth,  $2.  (Just  Issued.) 

SMITH  (HENRY  H.)  AND  HORNER  (WILLIAM  E.)  ANATOMICAL 
ATLAS.  Illustrative  ofthe  structure  of  the  Human  Body.  In  one  large 
imperial  8vo.  vol.,  with  about  650  benutiful  figures.    Cloth,  $4  50. 

STIMSON  (LEWIS  A.)  A  MANUAL  OF  OPERATIVE  SURGERY. 
In  one  very  hand.oome  royal  12mo  volume  of  488  pages,  with  332 
illustrations.    Cloth,  $2  50.    {Just  issued.) 

S WAYNE  (JOSEPH  GRIFFITHS).  OBSTETRIC  APHORISMS.  A 
new  American,  from  the  fifth  revised  English  edition.  With  addi- 
tions by  E.  R.  Hutchins,  M.D.  In  one  small  12mo.  vol.  of  177  pp., 
with  illustrations.    Cloth,  $1  25. 

STURGES  (OCTAVIUS).  AN  INTRODUCTION  TO  THE  STUDY 
OF  CLINICAL  MEDICINE.    In  one  12mo.  vol.     Cloth,  $1  25. 

SMITH  (EUS PACE).  ON  THE  WASTING  DISEASES  OF  CHILDREN- 
Second  American  edition,  enlarged.    In  one  8vo.  vol.    Cloth,  $2  50- 

SARGENT  (F.  W.)  ON  BANDAGING  AND  OTHER  OPERATIONS 
OF  MINOR  SURGERY.  New  edition,  with  an  additional  chapter 
on  Military  Surgery.  In  one  handsome  royal  12mo.  vol.  of  nearly 
400  pages,  with  184  wood-outs.    Cloth,  $1  75. 

SMITH  (J.  LEWIS).  A  TREATISE  ON  THE  DISEASES  OF  IN- 
FANCY AND  CHILDHOOD.  Fourth  Edition,  revised  and  enlarged- 
In  one  large  Svo.  volume  of  758  pages,  with  illustrations.  Cloth, 
$4  50  J  leather,  $5  60.  {Nowready.) 

SHARPEY  (WILLIAM)  AND  QUAIN  (JONES  AND  RICHARD). 
HUMAN  ANATOMY.  With  notes  and  additions  by  Jos.  Leidy, 
M.D.,  Prof,  of  Anatomy  in  the  University  of  Pennsylvania.  In  two 
large  8vo.  vols,  of  about  1300  pages,  with  51 1  illustrations.    Cloth,  $6. 

SCHMITZ  AND  ZUMPT'S  CLASSICAL  SERIES.  In  royal  18mo. 
CORNELII  NEPOTIS  LIBER  DE  EXCELLENTIBÜS  DUCIBUS 
EXTERARUM  GENTIUM,  CUM  VITIS  CATONIS  ET  ATTICI. 
With  notes,  &c.  Price  in  cloth,  60  cents  ;  half  bound,  70  cts. 
C.  I.  C^SARIS  COMMBNTARII  DE  BBLLO  GALLICO.  With  notes, 
map,  and  other  illustrations.  Cloth,  60  cents;  half  bound,  70  cents. 
C.  C.  SALLUSTII  DE  BELLO  CATILINARIO  ET  JUGURTHINO- 
With  notes,  map,  &c.    Price  in  cloth,  60  cents  ;  half  bound,  70  cents. 

Q.  CURTII  RUFII  DB  GESTIS  ALEXANDRI  MAGNI  LIBRI  VIII. 

With  notes,  map,  &c.  Price  in  cloth,  80  cents  ;  half  bound,  90  cents. 
P.  VIRGILII  MARONIS  CARMINA  OMNIA.    Price  in  cloth,  85 

cents;  half  bound,  $1. 
M.  T.  CICERONIS  ORATIONES  SELECTS  XII.    With  notes,  &c. 

Price  in  cloth,  70  cents  ;  half  bound,  80  cents. 
ECLOG^  EX  Q.  HORATH  FLACCI  POEMATIBUS.    With  notes, 

&c.    Price  in  cloth,  70  cents;  half  bound,  80  cents. 
ADVANCED   LATIN   EXERCISES,    WITH    SELECTIONS  FOR 

READING.    Revised.    Cloth,  price  60  cents  ;  half  bound,  70  cents. 


HENRY  C.  LEA'S  PUBLICATIONS. 


SKEY  (FREDERIC  C.)  OPERATIVE  SURGERY.  In  one  8vo.  vol. 
of  over  650  piiges,  with  about  100  wood-cut?.    Cloth,  SfS  25. 

SLADE  (D.  D.)  DIPHTHERIA  ;  ITS  NATURE  AND  TREATMENT- 
Second  edition.    In  one  neat  royal  12ino.  vol.    Cloth,  $1  25. 

SMITH  (EDWARD).  CONSUMPTION;  ITS  EARLY  AND  REME- 
DIABLE STAGES.    In  one  8vo.  vol.  of  254  pp.    Cloth,  $2  25. 

STILLE  CVLFRED).  THERAPEUTICS  AND  MATERIA  MEDICA. 
FoMrth  edition,  revi.sed  and  enlarged.  In  two  large  and  handsome 
volumes  8vo.    Cloth,  $10  ;  leather,  $  12.    (Jitst  issued.) 

STILLE  (ALFRED)  AND  MAISCH  (JOHN  M  )  THE  NATIONAL 
DISPENSATORY:  E'ubracing  the  Chemistry,  Botany,  Materia 
Medica,  Pbarmscv,  Pharmacodynamics,  and  Therapeut  cs  of  the 
P -1»  rmiie<'poeiaH  of  the  United  Statesand  Great  Britain.  For  the 
Use  of  Physicians  and  Prt  <rmaceutists.  In  one  hands'ime  8vo.  vol., 
of  lfi28  pages,  with  200  illustrations.  Cloth,  $6  75  ;  leather,  $7  50. 
(JVow  ready.) 

gMALL  BOOKS  ON  GREAT  SUBJECTS,    In  3  vols.    Cloth,  $1  50. 

QCHOEDLFB  (FREDERICK)  AND  MEDLOCK  (HENRY).  WONDERS 
Ö    OF  NATURE.  An  elementary  introduction  to  the  Sciences  of  Physics, 
Astronomy,    Chemistry,    Mineralogy,   Geology,   Botany,  Zoology, 
and  Physiology.    Translated  from  the  German  by  H.  Medlock.  In 
one  neat  8vo.  vol.,  with  679  illustrations.    Cloth,  $3. 
gTOKES  (W  )    LECTUREb  ON  FEVER.   In  one  8vo.  vol.   Cloth,  $2. 

STRICKLAND  (AGNEF).  LIVES  OF  THE  QUEENS  OF  HENRY 
THE  VIII.  AND  OF  HIS  MOTHER.  In  one  crown  octavo  vol., 
extra  cloth,  $1 ;  black  cloth,  90  cents. 

 MEMOIRS  OF  ELIZABETH,  SECOND  QUEEN  REGNANT  OF 

ENGLAND  AND  IRELAND.  In  onecrown  octavo  vol.,  extracloth, 
$1  40  ;  black  cloth,  $1  30. 
mANNER  (THOMAS  HAWKEP).  A  MANUAL  OP  CLINICAL  MEDI- 
■1-  CINE  AND  PHYSICAL  DIAGNOSIS.  Third  American  from  the 
second  revised  Englifh  edition.  Edited  by  Tilbury  Fox,  M.D.  In 
one  handsome  12mo.  volume  of  366  pp.    Cloth,  $1  50. 

  ON  THE  SIGNS  AND  DISEASES  OF  PREGNANCY.  From 

the  second  English  edition.  With  four  colored  plates  and  numerous 
illustrations  on  wood.  In  one  vol.  8vo.  of  about  500  pages.  Cloth, 
$4  25. 

TUKT  (TIANIEL  HACK).  INFLUENCE  OF  THE  MIND  UPON  THE 
BODY.    In  one  handsome  8vo.  vol.  of  416  pp.    Cloth,  $3  25. 

TAYLOR  (ALFRED  S.)  MEDICAL  JURISPRUDENCE.  Seventh 
American  edition.  Edited  by  John  J.  Reese,  M.D.  In  one  large 
8vo.  volume  of  879  pages.  Cloth,  $5:  leather,  $6.  (Just  issued.) 
 PRINCIPLES  AND  PRACTICE  OF  MEDICAL  JURISPRU- 
DENCE. From  the  Second  English  Edition.  In  two  large  8vo. 
vols.    Cloth,  $10  ;  leather,  $12.    (Just  issued.) 

  ON  POISONS  IN  RELATION  TO  MEDICINE  AND  MEDICAL 

JURISPRUDENCE.  Third  American  from  the  Third  London  Edi- 
tion. 1  vol.  8vo.  of  788  pages,  with  104  illustrations.  Cloth,  $5  60  ; 
leather,  $6  50.    (Just  issued.) 

THOMAS  (T.  GAILLAKD).  A  PRACTICAL  TREATISE  ON  THE 
DISEASES  OF  FEMALES.  Fourth  edition,  thoroughly  revised. 
In  one  large  and  handsome  octavo  volume  of  801  pages,  with  191 
illustrations.    Cloth,  $5  00 ;  leather,  $6  00.    (Just  issued.) 
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T3DD  (ROBERT  BENTLEY) .  CLINICAL  LECTURES  ON  CERTAIN 
ACUTE  DISEASES.    In  one  voL  8vo.  of  320  pp.,  cloth,  $2  50. 

THOMPSON  (SIR  HENRY).  THE  PATHOLOGY  AND  TREATMENT 
OF  STRICTURE  OF  THE  URETHRA  AND  URINARY  FISTULiE. 
From  the  third  English  edition.  In  one  8vo.  voL  of  359  pp.,  with 
illustrations.    Cloth,  $3  50. 

THOMPSON  (SIR  HENRV).  CLINICAL  LECTURES  ON  DISEASES 
OF  THE  URINARY  ORGANS.  Second  and  revised  edition.  In 
one  8vo.  volume,  with  illustrations.    Cloth,  $2  25.    (Jitst  issued. >^ 

WALSHE  (W.  H.)  PRACTICAL  TREATISE  ON  THE  DISEASES 
OF  THE  HEART  AND  GREAT  VESSELS.  Third  American  from 
the  third  revised  London  edition.  In  one  Svo.  vol.  of  420  pages. 
Cloth,  $3. 

WATSON  (THOMAS).  LECTURES  ON  THE  PRINCIPLES  AND 
PRACTICE  OF  PHYSIC.  A  new  American  from  the  fifth  and  en- 
larged English  edition,  with  additions  by  H.  Hartshorne,  M  D.  In 
two  large  and  handsome  octavo  volumes.    Cloth,  $9  ;  leather,  $11. 

WÖ'HLER'S  OUTLINES  OF  ORGANIC  CHEMISTRY.  Translated 
from  the  8th  German  edition,  by  Ira  Remsen,  M.D.  In  one  neat 
12mo.  vol.    Cloth,  $3  00.    {^Lately  issued.) 

WELLS  (J.  SOELBERG).  A  TREATISE  ON  THE  DISEASES  OF 
THE  EYE.  Third  edition,  revised  bv  the  author.  In  one  large  and 
handsome  octavo  vol.,  with  6  colored  plates  and  many  wood-cuts, 
also  selections  from  the  test-types  of  Jaeger  and  Snellen.  {Pre- 
paring. ) 

HAT  TO  OBSERVE  AT  THE  BEDSIDE  AND  AFTER  DEATH 
IN  MEDICAL  CASES.   In  one  royal  12mo.  vol.    Cloth,  $1. 

EST  (CHARLES).  LECTURES  ON  THE  DISEASES  PECULIAR 
TO  WOMEN.  Third  American  from  the  Third  English  edition.  In 
one  octavo  volume  of  550  pages.    Cloth,  $3  75  ;  leather,  $4  75. 

  LECTURES  ON  THE  DISEASES  OF  INFANCY  AND  CHILD- 
HOOD. Fifth  American  from  the  sixth  revised  English  edition.  In 
one  large  Svo.  vol.  of  670  closely  printed  pages.  Cloth,  $4  50  ;  lea- 
ther, $5  50.    (Just  issued. j 

ON  SOME  DISORDERS  OP  THE  NERVOUS  SYSTEM  IN 
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CHILDHOOD.  From  the  London  Edition.  In  one  small  12mo. 
volume.    Cloth,  $1. 

WILLIAMS  (CHARLES  J.  B.  and  C.  T.)  PULMONARY  CONSUMP- 
TION :  ITS  NATURE,  VARIETIES,  AND  TREATMENT.  In 
one  neat  octavo  volume.    Cloth,  $2  50. 


W 


ILSON  (ERASMUS).  A  SYSTEM  OF  HUMAN  ANATOMY.  A 
new  and  revised  American  from  the  last  English  edition.  Illustrated 
with  397  engravings  on  wood.  In  one  handsome  8vo.  vol.  of  over 
600  pages.    Cloth,  $4  ;  leather,  $5. 

THE  STUDENT'S  BOOK  OF  CUTANEOUS  MEDICINE.  In 


one  handsome  royal  12mo.  vol.    Cloth,  $3  50. 

WINCKEL  ON  PATHOLOGY  AND  TREATMENT  OF  CHILDBED. 
With  Additions  by  the  Author.  Translated  by  Chadwick.  In  one 
handsome  octavo  volume  of  484  pages.    Cloth,  $4.    {Just  issued.) 

Of^DBURY  (FRANK).  A  HANDBOOK  OF  THE  PRINCIPLES 
AND  PRACTICE  OF  MEDICINE.  In  one  royal  12mo.  volume. 
(Preparing.) 
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